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Ausbreit auf Waaser bei 20°: Fanxms, Feroman, Am. Soc. 44, 2071. Grenzflichen.
spannuRg wﬁen Nitromethan und Waaser bei 20°; Hin., CLirx, RoBxnrs, 4Am. Soc.
49,.704. Dichte und Oberflichenspannung von Lisungen in Benzol - bei 25°: Hawanck,
Awpuzw, Soc. 1098, 758. Elektrische Leitfihigkeit einer Ldlu.n.f von Nitromethan in
Schwefelsduremonohydrat bei 12°; CEErnULIZZ, Helv. 8, 285, Leit lhi%keit und Yonisation
yon Losungen von %.sliumjod.id in Nitromethan zwischen 0° und 85%: Pmure, QaixvEY,
Soc. 185, 1193, Laitfahigkeit der Losungen von Halogenwasserstoffen in trocknem and
feuchtem Nitromethan: Heasxo, Mrcmarsg:, C. 18271, 2803. EinfleB auf die Beweglich-
keit der lonen verschiedener Salee: Urich, Fortsch. CA., Phys. 18 [1924/26], 600; LartTEY,
Phil. Mog. [T] 8, 203. Elektrische Leitfihigkeit von Tetramethylammoniumnitrat in Nitro-
methan bei 25%: Warnxw, Z. El. Ch. 28, 74. Potentialdif{ferenzen an der Trennungsfliche
wiBr. Lasung/Luft bei 25*: Froxum, Doxpr, Kvnvirsxava, Ph. Ch. 183, .

Chemisches Verhalien. Mechanismus und Geschwindigkeit der Umwandlung von
Isonitromethan in Nitromethan bei Einw. von Salzsiure auf Natriumisonitromethan
bei 0% und '— 23,8° in verd, Methanol, beobachtet an Hand der Xnde der Leitfihighkeit:
BrancyE, Jaxon-Deeruan, Am. Soc. 48, 1770. Rednktion mit Titantric orid in siedender
wiBrig-alkoholischér Salzsiurs: HENpirsoN, MacerrH, Soc. 181, 801. Zur Geschwindigkeit
der Reduktion’ durch Blei und Essigsbure vgl. Prmvs, B. 44, 1051. Kinetik der Chlonerz:s
in wifr, Salrsbure bei 68,85° und der Bromiernng in wikBr. Bromwamerstotiskure
Salesdure- bei 49,0°, 50,9° und 69,85%: Juwxrr, Ph. Ch. [A] 141, 85. Resktion mit
Berylliumohlorid: Fricxx, Havesrart, Z. anorg. Ch. 148, 122. Dis N atrinmverbindung gibt
bei der Einw. von Benzil in Alkohol Athylbenzoat, ﬁt;i.nge Mengen Natriumbenzoat und ein
golbbraunes, natriumhaltiges Pulver, das bei der linw. von verd. Mineralsiuren w-Nitro-
styrol and 8-Nitroa-phenyl-athylalkohol liefert (Kasiwaar, C. r. 184, 36; Bi. chem. Soc.
Japan 8, 204). Nitromethan liefert beim Behandeln mit Glykolaldehyd in Wasser unter
Zusatz von Kaliumdicarbonat anf dem Wasserbad, Redurieren mit Aluminiuma
unter Wasserkthlung und nachfolgendem Erwikrmesn mit Napriumnitrit in salzsasurer Losung

rings Mengen Giycerin (PicreT, Bansrxe, Helv. 4, 925). Gibt mit Glucose in analoger
guktion d-Gluoo-x-heptit (P1, Ba.). Uber das Verhalten gegen Glycerinaldehyd r
I-Arsbinose vgl. P1., Ba. Bei der Einw. yon Zinkstaub auf Nitromethan und Protocatechu-
aldshyd in 30%iger Emigsiure entsteht 3.4-Diory-benzaldoxim-N-methylither (Kaxaso,
C. 1039 I, 2974). — Nitromethan gibt mit Pikrinskure in alkal. Loeung eine rote Firbung
(Wrxsz, Trorr, H. 178, 138). -

Salze und additionelle Verbindungen. Natriumasalz, Explodiert besonders
leicht unter Feuererschainung beim Befoeuchten(Hxvexroxs, C. 19261, 3017). — Ca(CH O,N),.
B. Ana &ther. Nitromethan- bei der Einw. von Calciumhydrid (Dueawp, HOUGHTON,
C.r. 180, 1034). — CH,0,N 4-TiCl,. Gelbe Krystalle (sus Tetrachlorkohlenstotf oder durch
Sublimation im Vakuura).” F: 48 (Remrex, HAXE, A. 463, 60). Rancht stark an der Latt.
L3et sich in Wasser unter Zischen. Beim Behandeln mit viel Nitromethan entsteht die nach-
folgende Verbindung. — CH,O,N + TiOy+TiCl,. B. Aus der Verhind O,N + TiCl,
duorch Behandeln mit viel Nitromethan (Rx1., Haxe). Feiner gelblicher Niede . Raucht
schwach an der Luft. Last sich kiar in Waaser.

Chlornitromethan CH,0,NCl = CH,C1-NO, (H 76). Zu Trinen reizendes Ol (TeOXox®,
Novzx, J.pr.[2] 101, 143). — Liefert bei der Kondensation mit Formaldshyd 2-Chior-2-nitro-
%mpn.ndiol-(i.a) und gerings Mengen 2-Chlor-2-nitro-dthanol.(1) (Wpgxxxporr, TriNEL,

. B8, 613, 618). Bei der Einw. von benzolsulfinssurem Natrium i Alkohol im Rohr
wurde einmal Nitromethyl.phenyl-sulfon(!) erhalten (Trox., N.}.

Trighlornitromethan, Chlorpikrin CO,NCI, = CCl,-NO, (H76; EI20). B. Aus Tn-
chlornitrosomethan beim Erhitzen mit oder ohne Sauerstoff oder bei der Oxydation mit
Chromtioxyd in Eisessig (PRaNDTL, SENNEWALD, B. 63, 1764). Bei der Oxydation von
o- und p-Nitro-phenol, 2.4-Dinitro-phenol (OrroN, McErx, Soc. 118, 33; SEYTW2TZ, Crarx,
BL. [4] 41, 107), Trinitrotoluol (0., McK.), Pikrinsiare und 2.4-Dinitro-naphthel.(1).sulfon-
shure-(7)(Naphtbolgelb S){SxY., Ca.) mit Natriumhypochlorit. — Daratellung durch Chlorierung
von Pikrinsaure in sodaalkalischer Ldsung: 0., MOK. Aus Sicherheitagrinden geht man
besser statt von der schwer IGalichen Pikrinadure von dem leicht 18slichen Calciumpikrat aus,
das man in enwart von dberschilssigem Chlorkalk mit Wasserdampf destilliert (Taux-
BOLL und Mitarbeiter, J. ind. Eng. Chem. 18, 1088; C. 1991 I, 408). - -

Dampfdmck zwischen 4 35° (40,1 mm) und —20° (1,5 mm): BaXTEE, BXZZENBERGER,
Wson, Am. Soc. 43, 1388; vgl a. BLaszxowsEa-ZAXRIEWSKA, Roczniks Chem. 8, 228;
C. 1090 I, 3078; Hxapsr, Koll. Besh. 83, 330; C. 1028 I, 2544; zwischen 98,0° (502,1 mm)
und 105,0° (5970 mm): ‘Br.-Z. Flachtigkeit: Lzrrwxs, Mditdrw. tech. Mid. 67 [1028], 885.
Parachor: MouroRp, PHILLIPS, Soe. 1929, 2118, Adsorption der Dampfe an Tierkohle:
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Arxxxrxwski, K. B8. 415; C. 1028 II, 842; an aktiver Kohle: Unsanv, C. r. 180, 64;
an trockner und an wamerbaltiger aktiver Eohle: H., Bio. Z. 115, 2168; 118, 107, Ge-
schwindigkeit der Adsorption sc Holtkohls: HinwEn, 4dm. Soc. 48, 374. Wirmetioung
bei der Adsorption’ von Chlorpikrin-Dampf an Holtkohle bei 0*: Kxrrs, Maigsmarr,
Am. Soc. 48, 163. Adsorption an Faserstoffe: A., €. 1989 II, 708. Ahbsorption durch
Gummi und gummieartes ebe: Rxcrom, Ind. Eng. Chem. 18, 1132; C. 10841, 2390.
Chlo?llmn' in ist in Methanol, Alkohol, Aceton, Benzol, igniure in jedem Verhlitnis
lcalich (ProrrI, . B11T, 1M)W 0° 0,2272, Mﬁ'_%&gt, bei 75°
0,1141 g Chlorpikrin; 100 g org'em' Idsen bei 32° 0,1003 g, bei 559 O, g Wamer
(THOMPSON, BricK, J. ind, Eng. Chem. 13, 1067; C. 1081 I, 350). Thermische Analyse des
binkren Systems mit Stickstofftetroxyd (Eutektikum bei —7§,5° und 5% BStickstoff.
tetroxyd): Pascav, Bl. (4] 38, 544; des binkren Systema mit Tetryl (N-Nitro-N-methyl-
2.4.6-trinitro-anilin): JerREwow, TicEOMROWA, C. 1020 I, 745. Bildet azeotrope Gemische
mit Methyleyclohexan (Kp: 100,75°; 20% Chlorpikrin) (LEcaT, Ann. Soc. scient. Bruzelles
471, 24; C. 1827 0, 228), Alkchol (Kp: 77,4% ca. 35% Chlorpikrin), Propylalkchal (Kp:
94,0°; 58,5% Chlorpikrin), Isopropylalkohol (Kp: 82,0°; 33,5% (l':‘lido ikrin), Isobutylalkohal
(Kp: 102,05°; 67,5% Chlorpikrin), Butylalkohol (Kp: 106,2°; 75% Chlorpikrin), Dimethyl.
athyl-carbinol (Ep: 97,2¢; 63% Chlorpikrin), Isobutylearbinol (Kp: 110.0°; 85% Chlorpikrin)
und Allylalkohol (Kp: §3,8%; 60% Chlorpikrin) (L., .R. 46, 243).

Chlorpikrin wird im zerstreuten Licht allmihlich gelb, am Sonnenlicht rotbrsun und
zersetrt sich in Methanol, Alkohol und Aceton am Sannenlicht unter Bildung von Ammoninm-
chlorid (Prorr, & B11, 144). Zerfallt im ultravioletten Licht allmihlich in Phosgen.und
Nitroeylchlorid (Pr., Mazza, G. B7, 810; C. 1827 I, 240). Wirkt auf organische Lasungsmittel
am Licht oxydierend, chlorierend und nitrierend; 8o entsteht . B. sus Essigaiure Oxalsiure
und Chloressigsiure, aus Salicylsiuremethylester 3-Chlor-salicylaiure-methylester neben stwas
Oxalsiure, aus Toluol ¢-Nitro-tolnol und Benzoesiure, aus Phencl 4.6-Dichlor-2-nitro-phenel
{F1., Baporaro, R. A. L. [5] 83 ], 476). Korroaion von Metallen durch Chlorpikrin-Dampt :
ALExerEwskr, Avzxeszw, C. 1920 10, 793. Leitet man Chlorwaaserstoff durch Chlorpikri
bei 100° und fihrt das entstandene Gasgemisch fiber Bimssiein bei 4009, so entstehen
Phosgen, Nitrosylchlorid,” Stickoxyd un geringe Mengen Hexachlorithan (Smaxemap,
C. 18821, 403). Chlorpikrin liefert beimy Erhitzen mit reuchender Schwefeisiure (20% 80,)
auf 100° Phosgen {Sxcanxaxo, Bl [4] 41, 830). Einw. von Hydrazin in wiBrig-alkoholischer
Kalilauge bei 13—13,5°: MacpxrH, TT, Soc. 118, 1358. im Aufbswahren von Chlor-
pikrin mit Titantetrachlorid entsteht die Verbindung TiCl,+2NOC! (Rxmxn, Haxx,
A. 458, 63). Gibt mit Benzol in.Gegenwart von Quecksilberchlorid und Alamininm bei
45° auf dem Wasserbad Triphenylnitromethan (Riy, Soe. 117, 1339). Bei der Einw. von
Natrinmmethylat-Losung entateben unter heftiger Reaktion Orthokohlensiure-tatramethyl-
eater und geringe Mengen Kohlensiure-dimethylester (v. BarTxL, B. 80, 1841). Geechwindig-
keit der Reaktion mit Natrinmmethylat in Methanol: TroXOW, GERSCEEWITACH, 3K, 60, 178;
C. 16981, 772. Libt man Chlorpikrin au! Xthylmercaptan in alkoh. Ealilsuge nnter
Kihlung einwirken, so entsteht Diithyldisulfid; analog reagieren Thiophenel und Thio-

-kresol (NzEmissow, Mrixmeow, B. 68, 2093; . 61, 2052). Reagiert in konz. Natron-
uge bei 50-—60° lebhaft mit Phencl unter Rotfarbung und Bildung von Salicylaldehyd,
licylsiure, p-Oxy-benzaldebyd, p-Oxy-benzoesiure und Pararcosolsinre (Brarrigozz, Ba.,
.A. L. [5] 881, 2H). Chlorpikrin liefert bei der Einw. auf Natriummaloneeter in Alkohol
als Havptprodukt Athan-tetracarbonsiure-(1.1.2.2)-tetradthylester (Ixcorn, Powzin, Soc.
1o, 1227, 1231). Gibt beim Erhitzen mit Nstriumcyanessigester in Alkohol auf 100°
1.2.3-Tricyan.cyclopropan.tricarbonsiure-{1.2.3)-triathyleater (I., Po.). Geschwindigkeit der
Reaktion mit Igyngm bei 16—18°: TroNow, K. B8, 1287, 1289; C. 1937 I1, 1145; T., Gx.;
mit Piperidin: T. Gasentwicklung bei der Einw. von Methylmagnesitmjodid auf Chlorpikrin
in Dibutylither bei 70°: Gmmaw, Formeremr, Bl [4] 45, 1135. Wairmetdnung der
Reaktionen mit Athyl- und Phenylmagnesiumbromid in Ather: Lirscmrrz, Karnrnesm, PR,
Ch. 103, 408, Bei der Umsetzung mit Phenylmagnesiumbromid becbachtet man eine
besonders helle Luminescenz (L1., K.).

Tranenreizende Wirkung von Chlorpikrin: DUFralssk, BoxGravp, C.r. 171, B19;
BrrTRAND, C.r. 171, 965. Unertriglichkeitsgrenze der Reizwirkung auf den Menschen:
FrLony, Z. exp. Med. 13, 567; C. 1921 1. 565; Leanecze. C. 18271, 2598. Giftwirkong
beim Saugetier: Maver, PraxteFoL, Viis, C.r. 171, 1397; GuprxEesTER, HFUBNER, C.
1021 ITI, 3%4; Avxr, €. 1822 ], 834, — Zur Verwendung von Chlorpikrin {(anch Klop und
Aquinite genannt) als Kampistoif vgl. va¥y NIEvwENBURG, C. 1823 IV, 984 und die bei
Dichlordiitbylsulfid {Syst. No. 23) zitierte Buchliteratur. Chlorpikrin wird durch eine wi8r.
Ldaung von Schwefelleber und Seifenlavge unachiadlich gemscht (Descrrz, GrILLEMaRD,
Savis, C.r. 171, 1179; D., G., Lasat, €. r. 172, 342). — Wirkung auf die Keimfihigkeit
von Samen: Mizos, C.r. 178, 170; auf Schimmelpilze: MaTrRUCHOT, SiX, C. 19201, 741;
sul einige Hefearten: ME1ER, C. 1827 I1, 1360; anf Bakterien: BERTRavD. RoOSENBLATT,
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Dichlornitremethan CHUL NG, -2 VHUL-NOQ,. Lo Beim Fmlenen von Chior in die wss,
[-nunz! von nitroessigsaurem Kalinm (2rerskory, Kunyer. B 95 [#42] 1320), — Ol Kp:
[ot— 107,

Trichlernitromethan, Chlorpikrin ( CL,NO, = €O NO, (H 76: B L 20, IT 41, Zusammen-
A I Ubersicht bis 1031 - Jaeksos. hem, Hevicw+ 14231, — 2. Dureh Behandeln von Nitro-
methan rnut Hypochlorit-Losung 1Vvomra, Solv. Corp. AP0 2131411 (1937 2365051 1941 7:
40 1940 1993, 1946 3126). Zur Billans avs Caleinmpikeat und Chloe (E 10 41) unter Kithlung
vl FRAtOL £ 30 (1931 1126; Great-Wostern Flectro.Chem, Co.. AP TOUG383 (19521 O 1835 I
3702, Durely Nitrieren von Chloroform vzl H 56) nut wasserfreior HNO, bey 140 —130 unter
Druck (DANATLA, SnarE, Bufel. 33 [1932] 5330 . 193 11 2153),

Physikalische Eigenschalten

Kpeye: 1122 (Alararee, Massioxox, Ann. Physique [11] W [1041] 9 Kpoyy o 108.5—1100
(RESEMTT S CHAIRDY, FEARING, Am. Soc. T0 [1948] 2532); Kp.y: 111,27 (PrxpL, REITZ, SaRaTHY.
Pr.indian Acad. [A] 8 [1938] 511: C. 1949 II 1855); Kpsa: 1119 (Monree, Helv. 21 [1938] 788);
Kps:: 50,0° (WiTtER, Z. physik. Chem, [B] 51 [1942) 104); Kpsp: 47,4—43,4" (PE, R., Sa.).
Damptdruck zwischen 25,539 (24 mm) und 55,0° (100 mm): GovLp, Horzyax, NIEMANYN, Anal.
Charm, 18 [1947] 205. D: 1,6358 (R, Cm., F.); DP: 1,8183 (SuyTH, Wares, J. chem. Phyaics
3 (19353] 337). n¥: 1.4611 (RE, Cx., F.); nB: 1,45 M., Wa.). Leidenfrostsches Phinomen:
BLASZROWSEA-ZAERZEWSKA, 5l dcad. polon, [A] 1930 188. C. 1930 11 3379. CUltraviolett-
Absorptionsspektrum in Hexan: MoHLER, Pdrya, Helv. 19 [1038] 235, 1237, 1241; Mo, Helv.
a0 [1937] 232: Mo., SorcE, Helv. 22 [1939] 238, Infrarotspeltrum: Corix, J. Chim. phys. 33
T1936]) 430, 471; Ma,, Mu, dnn, Physigue [11] 16 10, 13; €, r. 212 [1941] 1035. Raman-
spektrum: MEDarD, J. Chim. phys. 32 (1035] 136; Pe.. R, Sa.: Ma., Ma., dnn. Physigue [11]
14 10, 12:70. r. 212 1083, Dipolmoment: 1.830 D {¢; Heptan oder Benzol} (Sym., Wa.), 1,91 D
{z; Hexan) (MomrLER, Hely. 21 788), 1,83 D (¢; Dampf) (8., McALrxg, Am. Soc. 56 [1934]
1802; Sm., Wa.). Magnetische Susceptibilitit: Coomrry, . r. 224 {1647] 1638,

Verteilung zwischen Olivensl und Wasser bei 20%: Macy, J.ind. Hyg. 30 140; €. 4. 1HS
6619.
VI3, Z 13—13 v.o. streicke ,, ; des hindren Systems mil Tetryl (N-Nitro-X-methyl-2.4.6-tri-

nitro-anilin): JEFREMow, TicHOMIROWA, C. 19291 7457,

Azeotrope Gemische, die Chlorpikrin enthalten, e. in der untenstelienden Tabelle, Dampfdruck
der biniren Systeme mit Toluol und Ather: RagcEwrCz-ZUBEOWSKI, Roctniki Chem, 12 181;
¢'. 1932 IT 2299, Diffusion in Luft bei 25%: Krotz, MILLER, Am. Soe. 69 [1947] 25357, Zur Adsorp-
tion an Aktivkohle (E II 42) vgl. ferner ExGEL, 2. ges. Sehief-Sprengstaffee, 24 [1920]7 431, 493:
£, 1930 I 1281; DosIyry, K. 42 [1930] 890; KuseLgs, Koll. Z. 53 [1931] 133; Macy, J. phys.
Chom, 33 [1931] 1406; ALEXEJEWSEI, Preasry, Z. 0636 Chim. 2 {[932] 33(; Tscmaxg-Hax-
Luxg, CeETo-Fa-Kr, Liow-0vt-Tao, Bl (5] 1 {19347 1233: Ageryaxys, O r 201 (1935] 210;
URrA30wsRI, SCHARASCHENIDSE, Ukr. chemid, Z. 10 [19353] 132: C. 1936 [ 3657; Lowsy, Bl [3]
5 [1938] 1509, 7 [1940] 693; SwipeaTk, Roczniki Chem. 18 [1938] 759; . €939 II 3030; BARDAY,

Chlorpikrin enthaltende azeotrope Gemische.

Chlor- Tai ar- tai
Bomponeate Er:e mkrirn z:‘f,ll‘::\') Rumponente Kniae gmrin ',:flllt:l?f)
a in Gew.-%, [ i Gew.- Y.

Nitromethan . . . <1004 <13 328 | tert.-Butylalkolol . 8225 37 104
Heptan . . . . . . 9432 9 312 | sek.-Amylalkohol . . 100 83 104
Diisohutsl. . . . . «107,5 <33 . 312 | Diathyléarbinol . (073 232 104
Methyleselohexan . 1008 27 312 | Dimechylithylear-
1.3-Dimetlyl-cyelo- binol . . . . . usY 63 o
Chexan. 0 .. L. tit.a b)) 312 | Methviisopropr [
Athvlalkohol . . . . 1.3 B lud carbinol . . . . LS SsD 104
a4 Chlor-athylalkono 03,9 35 137 | Isoburvlearbingl . [ ST LR ) &
Liopropylatkonel . . SL93 33 Jot | Allvlalkohe! . . . . g 50 104
1.Chlyr-propanol-.2 < 111,6 <04 137 | Givkolmonomerthyl- ‘
Rutylaikohol . . . ivg.6s 0 U2 dther . 0 L. L iy o2 150
u-.*k.-Bu'l_\'lalkohul . HITA [t 104 Esslgsuurc o INT.BA S0.5 a4

1) Die angegcbonen Setenzabilen beziehen dich auf M. Lecat, Tables azéotropigues, 2. Autl.
iBrissel pudg] Vgloa. Lo IL Hotsroy. Azeotropwe Dats (= Advauces w Chetugtry Scries §)
{Washingron 19327 3. 263,

BEILSTEIN: Bangburh, boaufl, 5. Erg-Werk, Bl I 3L 3
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TS Daxuy, Mitaria, Nor. 1946 933 Dok, 1otz Fredcmg, Chen 3 [TTU46] 1259 Dua s,
Aok Plyaies 15 [1947] 447, Adsorption an Aluminium- und Eisenhvedroxvd sowie Tian-
thoxydpele: A\LEXEIRWSKL BELOZERKOWSKI, 2. wbef, ¢ him. | 9367 334, Besehleumgende
Wirkung anf die Jutoxydation von Tetralin: RogerTsox, WaTkns, Soe. 1947 404,

Chemisches Verhalten

Uher die Zersetzune in Thosgen und Nitrosylchlorid (F 1T 421 im Sonnenlicht vel. Movgrrr,
Citovey, TRUTFERT, €, ¢, 225 11949] 1954, Kiretik der thermischen Zersetzung 1in Pheseenunid
Nitrosvichlorid bew 130—160%: RapULEscr, ZAMFPIRESCE. Hulet. Sue, chim. Romdnig 17 {1933] 57
7T 1830 bei medrigen Drucken: STEACIE, SMITH, Cncd. f. Res. [B] 16 [1935] 222 ) rcun,
Physics § [1033) 143, Die thermische Zersetzung wired von Metallen nur in geringem Mal be.
schleunigt (PETROW, Ssaweriew, Z. prikl, Chim, 2 [1929] 629: . 1930 I 2076). Licfert hei dir
Reduktion mit Zinnpulver und konz. HCl in Ather bei 0—3" Dichlorformaldoxim (Hyvst. Nr. 208,
tGryszkiewicz-TRocuMowskL, Dyyowskr, Scuuipr, BI 1048 597). Bei der elektroivtischen
Reduktion entstehen je nnch den Bedingungen wechselnde Mengen Trichlornitrosomethan’(S. 103,
N-Methyl-hvdroxylamin, Methylamin und Dichlorformaldoxim {BRiSTzINGER, ZIEGLER, SCHYEL
LER. Z. EL. Ch. &% [1949] 110). Spaltet bei der Hyvdrolyse in wss. Losung im Dunkeln innerhall
A3 Tagen das gesamte Clilor ab: die Hydrolvse wird durch Rontgenstrahlen und UV-Licht be-
schleunigt (ALEXEJEWSK)Y, 2. ob3€. Chim, 2 [1032] 343; (. 1933 1 3653). Gibt mit Kaliumbromid
in Methanol Tetrabromkohienstoff, Brompikrin, Chlorlibromnitromethan, Nitromethan umi
andere Produkte (SsyTscREW, 2. chim. Promysl. 7 (1930] 1163; . 1931 | 2188}). Beim Kochen
mit Raliumjodid in Athanol erhalt man Tetrajodmethan, Kohlendioxyd. Kohlenoxyd und andere
Produkte (KRETOW, MELNIKOW, 2. 0bsé. Chim. @ 203, 207 : vgl. 85.). Zersetzung mit Natrium-
hydrosulfid oder Kaliumsulfid: Kr., ME.. Z. 0bs¢. Chim. 2 [1932] 203. 204. Das Chlor wird
beim XKochen mit XNatrinmsulfid und Athanol abgespalten (KR.. Pa¥TSCHENRD, SsAwWITsCH.
Z. obif. Ckim. 1 [1931] 421). Zeigt bei der Reaktion mit Phenylmagnesiumbromid in Ather
griine Luminescenz (\WEDEKIND, Phys. 2.7 [1906] 805; vgl.a. E1I 43); Luminescenzerscheinungen
mit _anderen Organomagnesiumverbindungen: DUFFORD, CaLVERT, NIGHTINGALE, dm. Soe, 45
[1623) 2069, 2073; GrLmax, McGruyray, ForrerciL, R. 49 [1930] 530.

EI1rd42.Z. 22 v.w. stait ,, Pararosolsiure" lies ,, Aurin ()"

Physiolozisches Verhalten; Verwrndung; Analytisches

Hemmende Wirkung auf verschiedene Dehydrogenasen: MacEworTH, Biochem.J. 39
[1948] 82, Wirkung auf Bodenbakterien: BERESOW 4, KGLIKOW 4, TRIASSTNOWA, M ilrobiologiju
6 [1937] 773; C. 1938 I 700; auf Milchbakterien: BERTRAND, LEMOIGNE, (. r. 220 [1945] 721
auf girfdhige Flissigkeiten: BErRTRa¥D, C. r. 219 [1044] 231, Giftwirkung auf Pflanzen: Gop-
FREY, Sei. 77 {1933] 583; (. 1934 II 4013; BERTRaxD: HEUSCUEM, FIRRET, Bacq, Bl. Soe,
Chim. biol. 29 [1947] 433; C. 4. 1948 253: Davip, C. r. 228 [1049] 198. Zur Toxizitat el
HETBNER, Z. ges. exp. Med. 107 [1940] 749: C. 4. 1943 1513 Wirkung auf Nahrungsmitte):
Mota1Lesct, BaLaBax, ScHOBESCH, dnfigez § 39; C. 1934 1T 171S.

Verwendung zur Schidlingsbekampfung: STRAND, Ind. eng. Chem. Anal. 26, 7; €. 1930 T
2451; Jonwsox, GoDFREY, Ind. eng. Chem. 24 [1932] 310: Lemvax. J. econ. Enlomol. 26 [1933)
1042 C. 1934 1 1867, 8ToxE, CaMIBELL, J. econ. Enfomol. 26 233: C, 1933 [ 3120: HARTRAWA.
KoMasaRG, Ber. Oharu-Inst. G [1934] 407: €. 1933 11 110: Jonvssox, Soup 11 [1935] Nr. 1t
. 105: €. 1986 1 2618: GoUNELLE, Raorr, [C. 7. 203 [1936] 659: PETERS, Z. ges. Getreidew. 24
(19371 205: . 1938 1 704 STARK, Mem. N, Y. State agric. Exp. Station 278 [1948]3: C. 4. 1949
$660: vel.a. D. E. H. Fresr, Chemistry of Insecticides. Fungicides and Herbicides, 2. Auil.
New York 19481 5. 111, 317: H. H. Sueparp. The Chemistry and Action of Insectivides [New
York 1931] 5. 251: A W. A, Brows, Insect Control by Chemicals [New York 1931]. Biblio-
araphie aber Chlorpikrmn als Insektizid 1845—1932: Roark. I 2. fup, eric, Mise. Publ. Nr. 156,
IR TT NS 1932—1954: R, Brseey, I°, S, Dep. Agrie.. Bur, Entomol. E-331 [103531. Ver-
wensiung zur Nrejeeruny der Erreacsfilugkent des Bodens: BEREsow s, Gonnrsowa, Koenow
Shimre gnzinlist, Sond, 1935 NroS0s0500 00 1996 1 2184 MisenicseTis, Milrobiologine 5 | 1936
P DS T 2008 LicaTscunw, Chanis sozialist, Seml G037V NE O S0 ST O 0SS T 2431
S UTRMLPETILMROW s TseUinsnssewa, Chimis, sozinlist, Semd 671037 Nroa, 2050, 0 1998 1
B CUss oW, e sozlalist Nepd TIT935) NeL s X T O I U036 Tad, Noil Sef. 54
DO TS 2808, Verwendune zur Stenlisierung von Doaden s BERTRAN b, ', £, 210 [19447 231,
Verwendung zur Kerntlivhmaclune von Blausanre: Deevssy, 1Y 3P 317601 A9253]: Frfl 17 2130,

Navhweis durch s bei der thernugehen Zerserzune (500" cchiddete Chior: Tselletow,
SUURew, Zooprdld, Chim, 5 TIOS20 4250 0 1933 1 2257 durch <lie Nitrithibhine bei Finw, von
Natrinmithylae-Tosune aud b Farbreakrion des Nitnts nut Sulfandamid : ALEXEI LSk Z.
chim. Premus], s (ICELY Neo 200 =000 7 1932 I |24 Festox S, chene. Edue. 1043 S6d.
DEOTORET 48800 L P sus TS 1350 durel sliv oot emer Mis hine von Narrmneyaned und
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3506 Acvelische C-Phosphor-Verbindungen

{ £)}-Methylphosphonsaure-ithylester-[ 2-dimethylamino-dthylester] C,H, N0,
Fotmmel 1 (R = CH,-CH,-N(CH,),. R" = C,H,).

B. Ans{:)- \leth\ lphusphunsdure ath}lester -chlond und 2 Dlmethvlamlnn athanol mit
Hilfe von Trmth_\lamm t Tammelin, Acta chem. scand. 11 [1957] 1340, 1342).

Wpggs: 367, 11 124, il 1,4320. Wahrer Dissoziationsexponeut pIX, H,0. potentin.
ametriseh ermittelt: bey 2570 3,14 (Ta., o, 5. 1346},

Hvdrogenoxalat (CHNO,P-CoH,O, Kristalle (aus Acnl) s FLo85 [ Fa 1 cos 1344y,

{ £)-[2-(Athoxy-methyl-phosphinoyloxy)-athyl]-trimethyl-ammonium [C,H, N0,P]",
Vourmel 11

Jodid {C H, NO,I' 1. #. Aus der vorangehenden Verbindung und CH,I (Tammelin,
Acta chem. scand. T1 1957 1340, 1345), — F: 1007 (Ta., Acta chem. scand. 11 1345). —
Geschwindigheitskun~tante der Hydrolyse in wss. NaOH bei 25°: Tammelin, Ark. Kemi
12 119587 237, 291,

( £)-Methylphosphonsaure-[ 2-dimethylamino-athylester]-isopropylester < ,H. N 1.
I'ormel [ (R = CH,t FH,-N.UH,,, R"= CH{CH,}.}.

B, Aus Methviphosphonsaure-chlond-isepropvlester und 2-Dimethylamuimo-dthand mat
Hilte von Trathvtamio  f ronnelin, Acta chem. scand. 11 T1957] 13460, 1342,

Wpggt 1. Dot g 1,4285. Wahrer Dissoziationsexponent pls, (H,O: potentio-
metnsch ermittelr, b 25 085,24 (Ta., Loe. 5. 1346).

Huydrogenoxalar ¢ HO NP O HLO, Installe caus Acena: Footon T Y 0 3L
BRI

Methoejodid O oo P T o p-2-tlsuprupoxv-methvl-phosp i ooy, -
el ermmeths aomoeenmome-podid. Foo 1LY (Ta,, el S50 1345).

Wlethylphosphonsaur-ﬂ bis-[ 2-dimethylamino-dthylester] C,H,,N,O P, Furmel |

= R=CH.-CH - oI,

£, Aus Methv plio-phe msitireschehlorid und Natoum-, 2-dimethvliamimo-atis ot [,
il 1957 783, TS3)

Wpngs: TS—80 i L4450

Bis-metho- toloot-db-suilonat, T H N w0, PICH SO, Methvlph-prhon:
satre-bis-[2-trimethelammonie-athylester’-bis-Teolool-d-~ultonat’ I":
[2o - 122% Tgeschloscme INapillare

0--R 0 —C,H, F

H,C—PC RiC PO H,C—PO
O--n 5-—CH,— CH,—N(CH1), o —R

I Il I

Methylphosphonsdure-monoiluorid CH,FO,P. tormel TII (R = Hj.

Bildung bei mehrjihngem Aufbewahren wvon (z)-Methylphosphonsdurc-ftuoril-1ms
propyvlester: Lorgues, Uussart, Bl Soc. chim, Belg. 68 [1959] 336, 341,

[1R-Spektrum (CS, bzw CCl: 1300 —700 cmY: Lo., Fa.

{ £)-Methylphosphensiure-fluorid-methylester C,H,FFO,P, Formel ITl (R = CH ).
Herstellung von (=)-Methy!-[3 P phosphonsdure-flunricd-methyiester: Boogues, Ann.
soce. Sei. méd. nat. Bruxelles 9 [1958] 164, 198, 200,
DP: 1,2355; 0% 1.3740 (Larsson, Acta chem. scand. 11 [1957) 1131, 1133,
Geschwindigkeitskonstante der Hvdrolyse mit wss, NaOH in Dioxan bet 25° und 357
a., Lol S 1138,

{ £}-Methylphosphonsdure-iathylester-fluerid C,H,FOQ,P, Formel [I[ (I = C,H,).
Herstellung von ( - )-Methyi-[3 #]phosphonsdure- athylester fluorid: Bocguet, Ann, Soc.
¢, méd. nat. Bruxelles 9 [19.’)0 161, 202,
T8 1,5124; nF: 1,383 (Larsson, Acta chem. scand. 11 [1957] 1131, 11333).
.u.gh\\m(hgkcnt:,knn:.t'mtt. ler Hydrolyse mit wss. NaOH in Dioxan bei 23 undl 33 :
Lo, Toe S0 1138,

EIV 4

(%)- -Methylphosphonsau:
{R = CH,;-CH,Br).
B. Aun Meth}. Iphosph:
scansi. 11 [1957' T,
[Spes: 387 DP: 1670
mit Uhenol: Ldrsson, Ar
Ceschwindigkeitskons
La., Acta chem, scand. |

{t)-Methylphosphonsdu
(R = CH,-CH,-CH,).
Herstellung von (+)-)
Sci. méd. nat. Bruxelles
3 (10085 ng: 1,388
Geschwindighetskoens.
La., oo = 1038,

S { £)}-Methylphosphonsau
(R - TH{CHy» \E I

o K. dus o Methyvlphosy
) propvialkeohol (Lorguet.
stelluve o vz -Methnd

s gt nat Bruxelles

Py, sy 13885

| I AT ) P N R
A7A e b LTR-Spektrum o
wind o COL 30— 700 ¢
Foo T e »o33s U
e 1938 #31. Verteillung 2w

s plivs, Uhem. 60 71956 1
- [tk der ler-\l_\'-"
78 1036 4068 Anm. 1.1
Cer{% 1 und Mangan(2
f.osunuen vom pH 5.2
than.3 -y, Uranvi(2 -y, |
etal.. Am. Soc. 79 11937
chiurit 1 Abhdngighkeit
ter [Kenzentratinn bei 2
Wert i5—8.8), von ¢ler T
scanl 11 1135 —11358:m
und Wolframat{2--) in A
umt von der Konzentrati
der Hydrolyse in wss. N
Kinetik der Reaktion r
O-isopropvlester) ber 257
123, 726, 5. a. Grant ef al

Geschwindigkeitskonst
4-Nitro-brenzcatechin tn
aldehyd-oxim, 3,4-Dihy
3.4-Dihydroxy-benzaldel
Am. Soc. 78 {1956] 341.
von der NH,OH-Konzen
3686, 3639. Halbwertszei
bei 25°. Ja., Lo S5, 364
Hydrowamaauren bei pk
Soc. 1958 1583, 1584, 158
30,5°: Swidler, Steinberg,
sduren bei pH 7,6 und ¥
Endres, Eppsiein, ]. org.

5
4

i
3
h
H
i



-
e

3508

Acvelische C-Phosphor-Verbindungen

( £}-Methylphosphonsaure-[ 3, 3-dimethyi-butylester]-fluorid C,H,,FO4P, Formel 111

IR = CH,-CH,-C(CHqj}q) ant 3.

3508,

B. Aus (x)-Methviphosplivnsdure-chlorid-fluorid und 3,3-Dimethyl-butan-t-ol {Larssou,

Acta chem. scand.
Kp,,: 30° D

111437 113
o2, o

1. 1132, 1133).

4055,

Geschwindigkeitskenstunte der Hydrolyse m wss. [hoxan vom pH 8.5 ber 237 und

357 fa., Lo S Ly,

{ £)-Methylphosphensdure-{ 2-dimethylamino-dthylester]-fluorid C,H ,FNO,P, Formel I11

(R = CH,-CH,-Ni{CH,),) aul 5.3
B. Aus

a304.

{ £}-Methy Iphosphonsdure-chlorid-fluorid und 2-Dimethylamino-dthanol mit

Hilfe von Trigthvlamin {Tammelin, Acta chem, scand, 11 [1957] 839, 860, %61},
Kpg,: 402, DB 1.14; 0% 1,4130 (Ta.).

Methojodid C,HFNO,PII;
trimethyvl-ammoniuvm-jodud.
Athanol vom pH 5.3 ber 23
19571131, 1138, 14

(z)-[2-(Fluor-methy

l-phosphinoyloxy}-dthyl]-

Geschwindigkeitskonstante der Hydrolyse n wss,

sowie vom pH 8 ber 357:

Tarsson, Acta chem. scand. 11

{ £)}-[3-({Fluor-methyl-phosphinoylaxy)-propyl]-trimethyl-ammonium [C;H,FNO, I -

Formel [II (R = CH,;,

Jodid C,;H, FNt1,i"1.
fluorid mit 3-Dimethvlanon. .-
handeln nut CH T S ownelon A
~chwindigheshonstanre oo He

farsson, Acta chen ~canel |1

SNICH ;-

l"')l.

yoauf 5. 3508,

wiralyse in owss,

L1131, 1138, 1141,

& Beun Erwdrmen von {-}-Methviphosphonsdure-chlorid-
propan-1-ol und Tridthvianun und anschhessemlen Be-
rlk [Kemi 12 [1958] 247,
Athaunal vom pH 8.3 bey 257

ass: - B 825 0 Twn, - Ge-

uel 35 -

*QOpt.-inakt. Methylphosphonsaure-[ f-dimethylamino-isopropylester]-fluorid
CoH FENOLP, Formel T (R = CHICH)-CH,-N(CH,j,) aul =. 35u8.

[3. Mus L) Methe lp\\l):plﬁ‘

IKpy q: 40° Dig: Lok ni: 1415

3]

aisavre-chlorid-fluond uad (+)-1-Dunetbylamino-propan-
2.0l mut Hilfe von Triithvlanun  Zammelin, Acta chem. scand,

11 [1937) 859, s60, S61).

*Opt.-inakt. [2-(Fluor-methyl-phosphinoyloxy)- propyl] -trimethyl-ammonium

-.CTHIBF?\-I‘_)'.‘P]

Jod:id
Acta chem. scand. 11
der Hydrolyse in was.
I 19571 1131,

=, Formed TH
CGH PN, f

Ilss, 1041,

Methylphosphonsaure-difiuorid

Ro= CHCH,;-CH,-N

s6H2), — F: 847 (Ta.).

H,F,0P = CH,-POF,.

VCH "y aud =0 4508,
Au~ der vorangehenden \erbm:lung und CHGL { Pommelin,
AT S5

Athanal v pH 8,5 bei 257 und 35~

— Geschwindighkeitskonstanten
: Larsson, Acta chem. scand.

B. Beim Leiten von HI' i eme Schmelze von Methylphusphonsaure-dichlorid (Dawson.
1671). Beim Behandeln der Verbindung von Trichlor-

methyl-phesphonium- chlord mut \|u mit HF und anschliessend mit SQ, (Coales, Carter,
LS P 2835515 [1952)). Beim Lrhlt?en von PF,; mit Dimethvtather oder Methytacetat in

Kemnard, |. org. Chem. 22 (1857,

v Gegenwart von AICL auf 251 K
WK 88 —09°; DP. LiGud: ol

)

Tetrafluor-methyl-phospheran CH, T, I

ellngg Co.,

[1938] 194, 196; engl,

= CH,-PF,.

.".F’ 2882315 [IQ'J:#]
1348 (Da., Ke). Wpy: 220, DY
{Rusumow et al., 2. ob3E. Chim. 28

1.3838; n¥: (3277

Ausg. S. 194, 196). 31 D- TR,

Absorption: Finegold, Ann. N.Y. Acad. Sci. 70 [1957] 875, 884.

B. Aus der Verbimdung van Triclilor- methy! phnsphomum chlorid mit AICl; und HIF
(Coales, Carter. U.S.P. 2853513 [1952]}. Beim Aufbewahren von Difluor-methyl- phosphm
{Kulakowa et al., 7. ob3¢. Chrm, 29 7195Y] 3957; engl. Ausg. S. 3916).

Kp: 9° (Ku. et al.).

{ £)-Methylphosphonsdure-chlorid-methylester C,FH,CIOQ, P,

5. 34l

Formel IV (R = CH,) auf

B. Aus Methylphosphonsidure-dichlotid und Methanol mit Hilfe von Tridthylamin

(de Roos, I. 78 [1939] 145, 146).
Kp,: 397 n¥:

1,4351 {de floos).

EIV 4

Verbindung mit -
von Trichlor-methyl-pl
Soc. 79 (1057 3570 :

{ £)-Methylphosphonsa

E. Aus Methvlphosp
son, Meay, Zoc. 1956 2
saure-duithylester und
der Verbindung von T
anschhessend nut H,O

Kp,: 64" (Hu., Kean
33° (Ho. et al.); hpo,
et al). MP-NMR-Absorn

{ £)-Methylphosphonsé:
I == CH.-CH,U auf ¢
F. Neben lethvipiu

his-"2-chlor-athy lester’

Al 14 R T S 2 .h
Kp;: 92 —43-. L. |

{ £)-Methylphosphonsa:
M= CHL,-CHLCHY) an
B. Aus Mattviplhuep
(¢ Rons, [ 78 193
methvi-ghesplonium-cl
VS et of0 Am
eiter umd COL, iCoe ot
Kp,: 43 —45 1‘1"[',':
Absorption: Fonegnld.

{+}-Methylphosphonsan
IR = CH{CH,j. auf 5.
B. Avs Methviplvsg
scand. 12 118357 303,
et al., Soc. 1957 3604,
obs¢. Chim. 27 19571 2
Kpg: 317 DT 1140
Wpyr 7 nE: 14255 C
Geschwindigkeitskon
l.c. 5304, Enthalpiz
2485, 2487 in ws~. Nal

{ £)-Methylphosphonsar
auf 5, 4511,
2. Aus Methylphasph
mol. Soedin. 1 [14959] 1
Kp,: 78—79° (An,, :

(+)-Methylphosphonsal
auf 5. 3511.
B. Aus Methviphosp
(de Roos, IR. 78 [1959]
Kpy: 60— 617 Kpg ¢

Methylphosphonsiure-d
B. Beim Erhitzen wve
auf 250° (Keilogg Co.,
sdure-dimethylester une
Erhitzen von Methylg



[alfO51, Formel 111
—
th: tan-1-ol (Larsson,

vnm pH 8.5 bei 25° ypgd

CsH,,FNO,P. Formel [1]

wethylamino-dthanol it
839, 860, 861).

-phinoyloxy)-éithylj-
der Hydrolyse in wss,
4, Acta chem. scand. 11

aium [C,H,,FNO,P|-.

Iphosphonsiure-chlond-
nd anschliessenden Be.
— F:82° (Ta). — Ge-
JH 3.3 bei 25° und 35°.

ter]-fluorid

6,
iimethylamino-propan-
11 719571 354, 566, 8611,

-ammonium

= 3)“&

e "H,l (Tammelin,
hwe Lghkeitskonstanten

caa Adcta chiem, scand.

dure-dichlork] { Dawsen,

srhindung von Trichlor-
nut Sy (Crates, Cartyy,
e ader Methyvlacetatn

40},

D3 1,3838: n¥%: 1,3277
5. 194, 196). IP-NMR-

lorid mit AICI; und HF
liflunr-methy[-phosphin
16).

nel IV (R = CHy) aut

1ilfe von Trithylamin

IV 4 Syst.-NT. 405 / H 5393; E {1 1774 3509

Verbindung mit Aluminiumchlorid CHCOP-AICL. B, Aus der Verbindung
von Trichlor-methyl-phosphonium-chlorid mit A!CL, und Methanol (Hoffmann et ai.. Am,
Soc. 79 [1957] 34570, 3575). — Kristalle [aus CH,Cl,) (Ho. et al.).

{ £)-Methylphosphonsiure-athylester-chlorid C,H,ClO, P, FormellV (R =C,H,) auf 5. 3511,

B. Aus Methylphosphonsiure-dichiorid und Athano! mit Hilfe von Triathylamio (4 ud-
son, Keay, Soc. 1956 2463, 2466; de Roos, R, 78 [1959)] 145, 146). Aus Methylphosphon:
siure-didthylester und COCL, (Coe et al., Soc. 19587 3604, 3606). DBeim Behandein
Jder Verbindung von Trichlor-methyl-phosphonium-chlorid mit AlClL mit Athanol und
anschliessend mit H,O {(HHoffmann et al., Am. Soc. 79 [1957] 3570, 3574).

Kpg: 84° (Hu., Keav): Kpyg: 48— 49,5° (de Roos); Ip;: 40 41" (Hu., Keay): Kp,,:
337 (Mo. etal); Kpyq: 377 (Coe et all}. n®: 1,4345 (de Roos);: nid: 1.4320 (Coe et al.; Ho.
et @l). "P-NMR-Absorption: Finegold, Ann. N.Y. Acad. Sci. 70 [1957] 875, B34,

{ £}-Methylphosphonsiure-[ 2-chlor-athylester]-chlorid C,H, (10,1, Formel IV
(R = CH,-CH,Cl) auf 5. 3511,

B. XNeben Methviphasphonsaure-dichlorid beim Erhitzen von Methylphosphonsaure-
bis-[2-chlor-athvlester] mit PCly unter vermindertem Druck (Gefter, Wabatscloah. lzv,
Akad. 5.5.5. 10 Otd. chim 1957 194, 145, t97; enul. Ausg. 5. 203, 206, 207).

[Kp;: 92—-93° DI LAs62, n®: 14653,

(£)-Methylphosphonsaure-chlorid-propylester C,H,C1O, P, 'armel [V
(R = CH,-CH,-CH,;) auf 5. 3511,

B. Aus AMethviphosphonsiure-dichlorid und Propan-1-ol mit Hilfe von Triathelanun
e Roos. WL 78 "1Y58: 145, 146}, Beim Behandeln der Verbmdung von Trichior-
methvl-phosphonium-chlorid mit AICL, mit Propan-1-ol und mschhessend nnt H,0)
(Hoffmam et al., Am. S0 79 119377 3570, 3374). Aus Methviphosphonsdure-dipropyl:
ester und COCL, (Cre el af.. J. org. Chem. 24 T1958, [01&).

Kpa:r 43 —$3°: n¥: 14333 (de Moos), ipy: 4675 0f: L4352 (i cral,. M1 SR
Absorption: Finesold, Ann. XY, Acard. Sei. 70 T19577 875, 384,

CLIar:‘h{f

{ £)-Methylphosphonsdure-chlorid-isopropylester C,H ,Cl1O,P. Vormel TV
ROo= CH{CH ) aut 503311

B. Aus Methylphosphonsaure-dichlorsl und Isopropyvialkohol (farssen, Acta o hem,
scand. 12 19587 300, 303%. Aus Methviphosphonsdure-dimopropylester und COCT, «op
el al., Soc. 1987 J6and, i de Roos, Toe!, R, 78 :IE‘I.')Q-_ 59, 62, 63 Raswmon <0 ). 7
ohsé, Chun. 27 1937 2358, 28040, 2302 engl, Ausy, S 2450, 2450,

Kpgs 317 PP 40 0 14275 0 La). Kpy: 49010 — 4937 0¥ L dob e Rl 7ol
Kpy:r 4075 s 14285 (Cae v aly, Kpy g 36 3770 D2 120240 02 L4546 [ Re. 22 0

vreschwindigkeitshonstante der Hydrolyse i wss, Losung vom pH 700 ber 25+ el
e S0 306, Enthalple der Hydrolvse in H,O ber 22 -23°: Vo [dlams, S0 1955
2455, 2457000 wss NaOH Dei 237 Lursson, Bergner, Ark, Kenn 13 14597 143, 140 »
{ *)-Methylphosphonsaure-butylester-chlorid ' ,H ,C1O,P. Formel 1V R = "CH. ,-CH.,)
it S 3511

B. Au~ Methyvlphosphensiure-dichlorid und Butan-t-ol (Adndrsene, Naaihow, Vosoki-
mol. Scedin. 1 [1959] 1390, 1393; C. A. 1960 20851; e fRons, 13 78 T1939] 145. 148).

IKpg: T8 =79 (An., No). Kpge: 597; n: 1, 4382 (de Rons).

{ t)}-Methylphosphonsdure-chlorid-pentylester C,H,,C10,P, Formet 1V iR = "CH, ,-CHy
auf 5. 3511,

B. Aus AMethelphosphonsiure-dichlorid und Pentan-1-0l nut Hilte von Tridthyvlamin
(e Roos. RR. 78 [1959]) 145, 147).

Kpg: 60 —617; Kpgat 539° n%: 14415,

Methylphosphonsaure-dichlorid CH,CL,0OF = CH,;.POCI,.

8. Beim Erlutzen von PCl; mit Formaldehyd-dimethyilacetal in Gegenwart von Nif,
auf 250" (Kelloge Co.. U.S.P. 2842305 [1953], 2882310 [1054!). Aus Methylphosphon-
sdure-dimethylester und PCly (Crofts, Kosolapoff, Am. Soc. 78 1195337 3379, 13501, Beun
Erhitzen von Methylphosphonsdure-diisopropvlester mit SOCI, (Dawson. Armstrong.
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LIIT 7 Syst. Nr. 639 0 H 2382 967

1. 4-Chlor-ph=avl -athanon-(1) (Holluman, Mann, 3oc. 1945 37, 43; Temmhowa, Ku-
aischkewa, 2. ob3c. Chim. 19 (1945) 1324, 1339; C. AL 1950 4442,
F: 204 —206" (Ho.. Mann), 202 —204° {Lau., 5p.), 192 =194 (Te, Ku.l.

{ 1-{4-Chloc-phenyl) -thyliden]-[ (2.4-dichlor-phenoxy)-acetyl]-hydrazin, [2.4-Dichlor-
phenoxy]-essigsaure-[l-(-l-chlor—phenyl)-ithylidcnhydra.zid]. {2 {-dichlorophenoxv)s
wcetic acsd (4-chloro-x-methylbensylidene) hydraride C, H,;ClLN,O,, Formel XIIL

B. Durch Kochen wvon t-[4-Chlor-phenyil-dthanon-{1) nuc “2.4-Dichloc-phenoxy]-
sssigsiure-hvidrand in Athanol (Chao. Sah, Oneto, R. 68 11349 506, 3071

Krystalle ‘aus A.); F: 165 —166° [unkorT.].

Chloracetyl-benzol, 2-Chlor-1-phenyl-ithanon-(1}, Phenacylchlorid, w-Chler-aceto-
ahenon, 2-citioroacetophenone C,H,ClO, Formel XIV (H 282: E T 151: E Il 219).

8. Durch Behandeln von Benzol mit 0.25 Mol Chloracetylehlord und 0,25 Mol AICI,
Leuvrn, Harttung, Org. Synch. Coll. Vol. [EI {1955 151, (92: vgl. H 232). Durch Erwdrmen
von {z)-2-Chlor-1-phenyl-dthanol-(1) mit Na,Cr.0y und wss. H,50, auf 60° (Hanby,
Rydon, Soc. 1946 114}, Durch Einleiten von Chlor in eine Losung von Acetophencn in
wss. HC! und Essigsaure unter Kihlung (/sacescu, Bulet. (2] 3 [1941/42] 182, 184;
vgl. H 282}, Durch Elektrolyse einer Ldsung von Acetophenon in wss, HCl und Essig»
siure unter Verwendung von Graphit-Elektroden (Szper. BL. [4) 51 [1932] 653, 655).
Durch Erwarmen von Acetophenon mit NaClO, und wss, HCl auf 70° (Riedei-de Haén,
Cios Rep. XXVII 81 [1945]; Brit. Abstr. 1948 B [ 132).

Krvstalle ‘aus A. oder CCLy) {Mohier, Pélya, Helv. 19 [1936] 1222, 1233; Mohler, Sorge,
Helv. 21 (1938 67, 70; Rheinboldt, Perrier, Univ. S0 Paulo Fac. Fil. Quimica Nr. 2
19477 110. 114, F: 58,8° (Mo, So., Helv. 21 70), 56,5—56,8° (Koalrausch, Pongralz,
M. 64 719347 374, 379). Kpye: 120.0—120.2% {K3., Po... Dampldruck bei Temperaturen
an 107 10.00107 Torr) bis 50° (0,128 Torr): Baison, Trans. Faraday Soc. 43 [1947] 54,
$9. Raman-3Spektrum: Ko., P». UV-Spektrum (Hexan}: Mohler, Pslya, Helv. 19 [1936]
12232, 1225, 1239, 1241; Mohler, Sorge, Helv. 23 [1940] 100, 101, 104, 108. Dipolmoment
{e; Bzl.}: 3.26 D [Mo., Se., Helv. 21 70). Assoziation in flilssigem SO,: Jander, Mesech,
Z. physik. Caem. [A] 183 [1939] 277, 289. Schmelzdiagramme der biniren Systeme mit
Tetrachlorm=than (Mischkrystallbildung), Benzol (Eutektikum). Arhanol (Mischkrystall-
bildung) und Acetophenon (Eutektikum): Kireew, Kaplan, Walneua. 2. fiz. Chim. 5
1934 739. Tan: C. 1935 II 2043: mit 2.Brom:-1 -phenyl-dthanon-1} {Mischkrystall-
bildung) und mit 2- Jod-1-pheavl-dthanon-(1} {Eurekt:kum}: Ra., Pz, L. 3. 11t 114,
117: mit 10-Chlor-9a.10-dihvdro-phenarsazic (Eutektikum}: Pusin, Hrustanovic, B, 71
‘19381 794, 300.

Beim Kcchen mit 2.6 Mol Brom in Essigsdure unter Zusatz von Natriumacetat wer-
den 2.2.2-Tnbrom-1-phenyl-ithanon-(1) (Hauptprodukr) und 2-Chlor-2.2-dibrom-
l-phenyl-athanon-{l) {w-Chlor-w.w-dibram-acetophenon: mecht naher be-
schrieben) erhalten {Aston et al., Am. Soc. 64 [1942] 1413, 14135). Geschwindigkeit der
Reaktion mit Brom in 90 %ig. wss. Essigsiure in Gegenwart von HCL ber 25°: Nathan,
Watsom. Soc. 1933 890, §93. Beim Behandeln mit 0,5 Mol SeOCl, in Arher entsteht Dis
chlor-bis-[3-chlor-phenacyl]-selen (Veison, Jomes, Am. Soc. 52 1930; 1588). Beim aufein-
anderfolgenden Einleiten von HCI und H,S 1n eine ithanel. Losung unter Kuihlung
bildet sich 2.5-Diphenyl-(1.4]dithiin {BéAme. Pfeifsr, Schnsider, B. 75 (1942] 900, 905,
908). Beim Behandeln mit einem Genusch von Salpetersiure {D: 1,5) und konz. Schwefel:
siure unterhalb —20° sind 2-Chler-1-{3-nitro-phenvll-ithanon-(1) (Hauptprodukt) sowie
geringere Mengen eines Gemisches von 2-Chlor-1-72-nitro-phenyl}-dithanon-(1}. 2.Chlor-
1-74-nitro-phanvlj-dthanon-(1) und Benzoesiure erhalten worden (Harkenbus, Clements.
Am. Soc. 56 719347 1369; vgl. EIL 219). Beim 20-stdg. Kochen mit Wasser entsteht
>-Hydroxw-1-phenyl-dithanon-{1) (Weidenhagen, Herrmann, B. 68 ‘1935) 1953, 1955
Anm. 9). Geschwindigkeit der Hydrolyse 1 Wasser bei 30°: Eduards, Fvans, Watson,
Soc. 1937 1942, 1946,

Boim Behandeln ewmer auf 60° erwirmten athanol. Losung mut wss.-ithanol. IKOFH
bildet sich 1.4-Diphenyl-buten-{2}-dion-(1.4} (F: 128 —134°%) (Bogoslowskii, 7. obsd.
Chim. 14 "1944) 993; C. A, 1945 4600). Dic beim Behandeln mit athanol. Natrium:
ithylat-Lésung echaltenen, als z-Chlordiphenacyl und g-Chlordiphenacyl bezeichneten
Verbiadungan H 7 282; s.a, EIL 7 219; H 19 54 El 19 623: EIL 19 44 und
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BV T Syst.-Nr 639 H 281 -282: E 111 963 - 967 [}

*[1-(4-Chlor-phenyl)-ithyliden]cacbazidsiure-{2-hydraxy-Athylester) C.,H,_-.CN Q,.
Formel XIII (R =C0O-0-CH;-CH;-OH).

8. Aus !-{4-Chlor- phcnyl] -dthanon und Carbazidsiure- -(3- hvdro‘y -dthylester] in Athanol
(Eloy. Moussebous. Bl. Soc. chum. Belg. 68 [1959] 423, 427, 428).

Kristalle {aus wss. A.), F: 113°

Allophansiure-[1-(4-chlor-phenyl}-dthylidenhydrazid], 1-[4-Chlor-phenyl]-ithanon-
allophanoylhydrazea C H, ,CIN,O,, Formel X[l (R =CO-NH-CO-NH,).

8. Aus Allophansdure-hydrazid und 1-f4-Chlor-phenyl}-dthanon {Audrieth. Gordon. J. org.
Chem 20 [1933] 244, 246).

Kristalle (aus ALY F: 2187

*1-[4-Chlor-phenyl]-dthanon-[4-isobutyl-thiosemicarbazon] C,,H.;CIN;5. Formel XIIf
(R=CS-NH-CH;-CH(CH,),).

8. Aus t-[+-Chlor-phenylf-ithanon und 4-Isobutyl-thiosemicarbazid in wss. Athanol (Dodgen.
Nobles, 1. Am. pharm. Assoc. 46 [19571 437).

Kristalle {aus wss. A}, F: 125 -126° [unkorr.|.

*[1-{4-Chlot-phenyl)-ithyliden]-hydrazidophosphorsdure-diphenylester C,,H,(CIN,;O,P,
Formel XII (R =PO(OC,Hq):)-

B. Aus 1-[4-Chlor-phenyl}-ithanon und Hydrazidophosphorsiure-diphenylester in Athanol
(Audrieth ec al.. ] org. Chem. 20 [1935] 1288, 1290}

Kristalle (aus A): F. 127° [unkorr ]

mesg-Bis-[ [ chlor-1-(4-chlor-phenyl}-dthyl-transdiazen C,¢H,,CI,N;. Formel [.
Konfiguration. Levi. Malament, J C.3. Perkin 11 1976 1249, 1254,
8. Aus [(£.£)-Bis-[1-(4-chlor-pheny|)-dthyliden]}-hydrazin und Chlor (Goldschmidr, Acksieis
ner. AL 618 [1958]1 173, 174, 180).
Kristalle (aus Acn.): F. 123° (Zers.] (Go., Ack.).
Geschwindigkeitskonstante des Zerfalls in Toluol bet 539° und 69° (Bildung von 2,3-Dichlor-
1.3-ois-{3-chlor-phenyl}-butan [E 1V 5 1941)}- Go . Ack.

Cl
=
j / i
Sy I\ [ QN
Ci—C——N_ — —Q NO
T ®N—C—a A !
| x— \—co—cn—c,c: '/ \—c//
CH, NS
CH, ==/ cH,cl O,N

2-Chlor-1-phenyt-idthanor, Phenacylchlorid C,H-CIO. Formel {1 (X=H) (H 282: E [ 131;
Ell219. EIH 967 ')

B Beim Behandeln von Benzol mut Tetrakis-chloracetoxs-sdun und AICY, (Jur'ew efal.
Z obsc Chim. 28 [1958] 2372, 2174, engl. Ausg. S. 2408).

Dipolmoment: 3.28 D [g; CCLJ. 3.4} D [¢: Heptan] (Nukuguna. ] chem. Soc. Japan Pure
Chem Sect. 79 [1958] 1358, 1359, 1360. C. A. 1959 7698)

Kestalle (aus A}, F. 57575, Kpy 101,5-102,5° (Ju. er 2l ). Frequenz und Intensitat
der CO-Valenzschwingungsbande: Jones. Spitner. Canad J. Chem. 36 [1958) 1020, 1021, 1025;
Joswn. Casuned, Bl 1958 801, 802, s. a. Bellamy eral, Soc. 1956 1704 Bellamy, Williams,

'y Berichugung zu E 1117963, Zeile 1 -2 v o Anstelle von .. 2r-Chlormethyl-2-phenyl-3:-
bcnzo\d -otiran bzw. 2r-Chlormethyl-2-phenyi-3c-benzoyl-axiran= st zu setzen , ’r-Chlormcthyl-
I-phenyl-3c-benzoyl-ouran bzw 27-Chloemethyl-2-phenyl-li-benzoyl-oxiran®
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CRITERIA FORMULATION

DIMP

The acute toxicity (LC50 and EC50) of diisopropylmethyl
phosphonate to a wide variety of aquatic organisms repre-
senting several trophic forms (including primary producer
organisms, primary consumers, and secondary consumers) under
a wide variety of water quality conditions ranged from 257-

6,332 mg/2.

In lieu of a specific laboratory-derived application factor
based on chronic toxicity studies, an appropriate application
factor (e.g., 0.1, 0.05, 0.01) must be utilized to estimate
safe concentrations during chronic exposure. The selection
of an appropriate application factor must consider persistence,
cumulative toxic effects, and bicaccumulation potential of
the chemical. Acute toxicity studies with bluegill and aged
solutions of DIMP indicate that after only 96 hours, acute
toxicity of DIMP in water is less than 1/3-1/2 of that ob-
served with fresh solutions suggesting a lack of persistence
of DIMP in water. During continuous exposure of bluegill to
150 mg/2 DIMP for 14 days, no toxic effects were evident, in-
dicating a lack of cumulative toxicity associated with this
chemical. Finally, a pilot bioconcentration study with 1;'C--

DIMP demonstrated no bioaccumulation of the chemical by bluegill.

iii



Based on these observations, it would appear that, in lieu
of adegquate chronic toxicity data, 0.05 probably represents
a reasonable application factor for estimating safe concen-

trations of DIMP in water.

Based on an application factor of 0.05, and an LC50 of 257
mg/% observed for the most sensitive aquatic organisms tested
(bluegill, at 25°C), a water quality criterion of 12.5 mg/%
DIMP is recommended for the protection of freshwater aquatic

life,

DCPD

The acute toxicity (LC50 and EC50) of dicyclopentadiene to

a wide variety of aguatic organisms representing several
trophic forms (including primary producer organisms, primary
consumers and secondary consumers), under a wide variety of

water guality conditions ranged from 10.5-120 mg/L.

In lieu of a specific laboratery-derived application factor
based on chronic toxicity studies, an appropriate application
factor must be utilized to estimate safe concentrations during
chronic exposure. Acute toxicity studies with bluegill in-
_dicate that the toxicity of DCPD solutions after 96 hours of
aging is somewhat less than that of the fresh solutions. During

continuous exposure of bluegill for 14 days to approximately

iv

Dermprmima memre blas],
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438 mg/L, while those for the 100 mg/2 and 250 mg/f hard
water were 849 mg/fL and >1,000 mg/%, respectively. Increased
pH (8.0) appeared to reduce the toxicity of DIMP to comparable

levels (96~hour LC50, >750<1,000).

Dissclved oxygen levels monitored during Task 4 (Stability

of Toxicological Properties) appeared to remain constant
throughout the "aging"” periods, and decreased normally after
introduction of the test organisms from 8.8 mg/% (98% of
saturation) to 2.8 mg/2% (31% of saturation) indicating that
DIMP did not generate any significant oxygen demand. The

pH values ranged from 6.9 to 7.5. 1In general, the data in-
dicate that solutions of DIMP "aged" for 96 hours are approxi-
mately half as toxic to bluegill as unaged solutions (Tables
22 and 23) after 96 hours of exposure, while those solutions
"aged" for shorter periods (0, 8. 24 and 48 hours of exposure)
appeared as toxic at 96 hours of exposure as observed for

bluegill in the other biocassays.

Those bluegill in Task 5 (Bioconcentration) exposed to 150
mg/¢% !“C-DIMP appeared normal, fed readily, and generally
showed no signs of stress due to chemical toxicity. The
mean measured concentration of !*C-DIMP in the water through
14 days of exposure was 166.7 + 13.6 mg/¢ (nominal concen-

tration 150.0 mg/%).
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The results of the analyses of edible porticns of bluegill
sampled during the 14 days of exposure are summarized in
Table 24. Radiometric analyses indicate that the mean
measured concentration of !“"C-residues remains below minimum
detectable limits (100 mg/kg) throughout the entire obser-
vation period, and clearly indicates that bicconcentration

of DIMP by bluegill does not occur.

Dicyclopentadiene {DCPD)

A summary of those calculated EC50 and LC50 values and 95%
confidence limits at termination of exposure is presented
(Table 25). Based on in vivo chlorophyll a reduction, the

96-hour EC50's for M. aeruginosa, A. flos-aquae, and N.

pelliculosa were 31, 60 and 51 mg/f2 , respectively. The 96-

hour EC50 for S. capricornutum was >1,000 mg/2, the highest

concentration at which DCPD could be maintained in solution

{Table 26).

The 96-hour EC50 wvalues based on reduction ¢f cell numbers

of M. aeruginosa, A. flos-aquae, and N. pelliculosa were 31,
22 and 53 mg/2 , respectively, with the value for §. capri-

cornutum again >100 mg/¢ (Table 27).

At most test concentrations, DCPD produced a decrease in both

chlorophyll a and cell numbers of exposed M. aeruginosa and

N. pelliculosa. Both cell numbers and chlorophyll a content

for A. flos-aquae and S. capricornutum appeared to be stimu-




Table 3 -- Continued.

34

Species

Calculated EC50 and LC50 values {mg active ingredient/%)

Fish/Life Stages

Pimephales promelas/
egys9

Pimephales promelas/
l-hour fry9

Pimephales promelas/
7-day fry9

Pimephales promelas/
30-day fry9

Pimephales promelas/
60-day fry9

Fish/Water Qualitx

Lepomis macrochirus/
15°C

Lepomis macrochirus/
200C

Lepomis macrochirus/
250C

Lepomis macrochirus/
35 mg/f hardness

Lepomis macreochirus/
100 mg/f hardness

Lepomis macrochirus/
250 mg/f hardness

Lepomis macrochirus/
pH 6.0

l44-hour LC5C

475(285-793)

96~hour LC50

>1,000

>1,000

635(524-~-769)

641 (548-749)

96~hour ILLCS50

464 (381-565)

481 (394-588)

257(202-328B)

438{361-532}

B49(727-993)

>1,000

527(441-631)



Table 24 -- Mean? concentrations of

67

l*c-diisopropylmethyl

phosphonateb (DIMP, lot $2) measured in water and

bluegill® (Lepomis macrochirus) during a l4-day ex-

posure period and in bluegill during an additicnal

7-day depuration periocd following transfer of fish

to flowing, !'“C-DIMP-free water.

Mean measured

l*C-residue concentration

Day water (mg/1%) bluegill (mg/kg)
Exposure 0 177.67 <100
1 177.00 <100
2 176.50 <100
4 168.50 <100
7 172.00 <100
10 150.00 <100
14 145.00 <100
% = 166.67 (13.57)¢
Depuration 1 <100
3 <100
7 <100

a

Mesan based on two radiometric

metric analyses for fish.

b
Minimum detectable limits

fish.
c

Mean weight of bluegill was 3.

d
Standard deviation (%) .

= 7.

analyses for water and three radio-

5 mg/%2 for water and 100 mg/kg for

0 g.
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TABLZ 1. SUMMARY OF ACUTE TOXICITY OF DIMP
IN YARIOQUS MAMMALIAN SPECIES

Animal Route of LD530 mg/kg

Species Administration (95% Confidence Limits) References

Rat, male Oral 1,125 (*) 20,21

female Oral 826 (747-914)
Rat Subcutaneous >200 22
Mouse, male Oral 1,041 (903-1,201) 20,21
female Oral 1,363 (1,165-1,594)

Mouse Intraperitoneal »250 23

Rabbit Subcutaneous >100, <200 22
Intravenous 224 (179-282) 24
Dermal >200 24

Duck, mallard Oral 1,490 ' 25

Quail, bobwhite Oral 1,000 25

Mink Oral 503 25

Calf Oral Ca. 750 26, 27

* The data did not permit calculation of confidence limits.

The acute toxicity of DIMP was determined for a wide variety of aquatic
organisms representing several trophic farms. These included primary producer
organisms, primary consumers, and secondary consumers. They were exposed
under a wide variety of water quality conditions to a range between 257 and
6,332 mg/L. 28 The bioconcentration factor for DIMP was experimentally
examined in fish; essentially no bioconcentration was observed for b]ueg1lls
continually exposed to 14¢c _pimp. 28
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Mearck Sharp & Dohme—Cont.

== causes has not been established. Erythema multiforme has
also been reparted rarely.. . . \
Reporta of purpura and allergic reactions such as wheal and
flare at the injection site or urticaria have been extremely
rare, e . i - .
Forms of optic neuritis, including retrobulbar neuritis and
papillitis may infraquently follow viral infections, and have
been reported to ocour 1 to 3 weeks following inoculation
with some live virus vaccines. .
Syncope, particularly at the time of mass vaccination, has
been reported. A
Very rarely encephalitis, febrils seiziires, nerve deafness and
ather nervous systam reactions have occurred in vaccinees.
A cause-effect relationship has not been established.
DOSAGE AND ADMINISTRATION
FOR SUBCUTANEOUS ADMINISTRATION
Do not inject intravenously . : L.
The doaage of vaceins is the same for all persons, [nject the
tocal volume (about 0.5 mL) of reconstituted vaccine subcuta.
neously, preferably into the outer aspect of upper arm. Do
not give immune serum globulin (ISG) concurrently. with
During ahipment, to insure that there is no loss of potency,
the vaccine must be maintained at a temperature of 10°C
(50F orless. - .0 . ¢ . S
Before reconstitution, stare MUMPSVAX at 2-8°C (35-46°F).
Protect from light -7 v T T B
CAUTION: A sterile syringe free of preseivatives, antisep-
tica, and deterpents should be sed for éach inJection and/or
reconstitiition of the 'vaceine because these substa’ces’ may
inactivate the live virus.y.
recomménded. T M el
To reconstitute, use only the diltient supplied, kince it i Free
. of preseryatives o other antjviral substances which might
inactivate the Yaccines nf dyd 11#(inmal 1 8 it 2 r1-i5man T, A
* Single Dose Vial—First withdraw the entire volume of
diluent into the syringe to be used for reconstitition. In:
ject all the'dilaent in'the syringe into ths vial of lyophi-

 lized vaccine, and agitate Yo mix thoroughly: Withdraw |

the entire contents into a syringe and inject the total vol-
~ ume of restored vaccine subcutanequsly. oo
It isimpomnttousenlipnnteneri]uyﬁmmdnudla
-, for each individual patient to pravent transmisgion of hep-
"atitis B'and other infe¢tious agents from one person ta
- anotheps . n voamarle inow oo L
+10 Dose Vial fauailnble only to governmint agencies/ingtity:
tions) —Withdraw the entire contents (7 mL) of the diluent
vial into the sterils syringe to be used for reconstitution,
and introduce into the 10 doss vial of Iyophilized vaccine,
Agitata to engure thorough mixing. The outer labeling
suggests "For Jot Injector of Syrings Use". Une with sepa-
rate aterile syringes is permitted for containers of 10 doses
or iesa. The vaccine and diluent do not contain preserva-
tives; therefore, the user must recognize the potentia! con-
tamination hazarda and exercise special precauticns to
pretect the sterility and potency of the product. The use of
aseptic techniques and proper astorage prior to and aftar
resworation of the vaccine and subsequent withdrawal of
the :ndividual dones is essential. Use 0.5 mL of the recon-
stituted vaccine for subcutaneous injection, -
[t is unportant to use a separate sterile syringe and neadls
(37 each individual patient to prevant tranamission of hep-
atitia B and other infectious agents from one person to
snother. o e e .
) Duse Vial favailable only to government agencies/instity-
it =8} —Withdraw the entire contenta (30 mL) of the dilu-
-7+ vial into the sterile syringe to be used for reconstitu-
tica and introduce into the 50 dose vial of lyophilized vac-
cire. Agitata to ensure thorough mixing, With full aseptic
precautions, attach the vial to the sterilized multidose Jjet
injector apparatus. Use 0.5 mL of the reconstituted vac-
cine for subcutaneous injection. .
Each dose of MUMPSVAX contains not less than the equiva-
-ent 2 20,000 TCIDs, of the U.S. Reference Mumpe Virus
Parr:.+ral drug products should be inspectad visually for
)E i matter and discoloration prior to administration.
" P3 AKX, when reconstitutad, is clear yellow., . .-
"™~ ER ] P L
HOW SUPPLIED

L .
ae

No, 1753—MUMPSVAX i supplied as a aingle-dose vial of
Iyophilized vaccine, NDC 0006-4753-00, and a via! of diluent.

No. 4334X, 1309 —MUMPSVAX iy suppliad as follows: (1) a
box of 10 sinaleiose vials of lyophilized vaccinag (package A),
NDC 000845340 and (21 a box of 10 vials of diluent {pack-
we Bl To nnierve refrizeratar space, the diluent may be
tored iennrately at room temperature (6508-01-037-6792,
"en ks e .. e e e s

: 08y | Trituration of MUSTARGEN is a starile, white cystailing
A 28 gauge, %" needle is-

" ¢f 1 mg mechloretha

A a4 = o
il g frmen D oy

in active form a few minutes

Avgilable only o government agencier/inshitulions: | - .,
No. 4684X~—~MUMPSVAX is supplied as one 10 dose vial of
lyophilized vaccine, NOC 0006-4664-00, and one 7 mL vial of
diluent- SRR . e
No. 4593X—MUMPSVAX is supplied 24 one 50 dose vial of
lyophilized vaceine, NDC 0006-4593-00, and one 30 mL via] of
dilu'nt‘f.'-- vl PP . .' ' 3 -
Storage ' - P
It is recommended that the vaccine be used as soon as poesi-
ble after reconstitution, Protect vacrine from light at all
times, since such exposurs may inactivats the virus. Store
reconstituted vaccine in the vaccine vial in a dark place at
2-8°C (36-46F) and discard if not used within 8 hours. '
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MUSTARGEN®, Trituration of
{Mechlorethamine HC! for Injection, MSD), U.S.P.

DESCRIPTION - Lot e AT
MUSTARGEN® {Mechlorethamine HCl, MSD), an antineo-
plastic nitrogen musterd also known as HN2 hydrochloride,
is a nitrogen analog of sulfur mustard. 1t is & white, crystal-
lina, hygroscopic powder that is very soluble in water and
also soiuble in alcohol. - .. e
Mechlorsthamine hydrochloride is designated chemically
a8 2<chloro-N {2<chloroethyl}- ¥ -mmethyletkanamine , hy-
drochloride.” The - molecular weight is- 19252 and
the melting point is 108-111C..The empirical formula
is CgHy;CIzN- HCl, and the structural formuls is: Ty
] St CHyNCHCHC W HE -+ © =

powder for injection by the intravenous or intracavitary
routes after disolution. Each vial of MUSTARGEN containg
10 mg of mechlorethamine hydrochloride triturated with

- sodium chloride’ g8 100 g, Whed' dissolved with 10, ml;

Sterile, Water for Injection or 0.9% Sodium Ch.londuén
tion, the resulting aolition has a pH of 3-5 at w'eoncénér
hainisé HC per mL. i1 s -

-

)

ICAL PHARMACOLOGY. .. . -1 (57
- - £ -

RLERE: LT AT L B ] fuous
Mechiorethamine, & biologic alkylating geat, has a Gyis:
toxic action which inhibita rapidly proliferating eslls.. ~ ..
FPharmacokingtics and Metabolism ... °. . DR
In water or body, fluids, mechlorethamine undergoes rapid
chemical H‘ﬂqmaﬁun. and combines with lmer.or.rm:
tive compounds of cells, so that the drug is no longer present

tion.
INDICATIONS AND USAGE

Before using MUSTARGEN “fee CONTRAINDICATIONS,
WARNINGS, - PRECAUTIONS, ADVERSE - REACTIONS,
DOSAGE AND ADMINISTRATION. and HOW SUPPLIED,
Special Handling, c . .
MUSTARGEN, administered intravenously, is indicated for
the pallintive treatment of Hodglkin's disease (Stages I and
IV}, lymphosarcoma, chronic myelocytic or chronic lympho-
cytic leukemia, polycythemia vera, mycosis fungoides, and
bronchogeric carcinoma,

MUSTARGEN, administered intrapleurally, intraperitone-
ally, or intrapericardially, is indicated for the ‘pallistive
treatment of metastatic carcinoma resulting in effusion.

CONTRAINDICATIONS

The use of MUSTARGEN is contraindicated in the presence
of known infectious diseases and in patients who have had
previous anaphylactic reactions to MUSTARGEN. .-

w..-(;ém‘-"

Extravasation of the drug into subcutansous tissues
results in a painful inflammation. The area usually
becomes indurated and sloughing may occur. If leakngs
of drug is obvious, prompt infiltration of the area with
sterile isotonic sodium thiosulfate (¥ molar) and appli-
cation of an ice compress for G to 12 bours may minimize
the local reaction. For a % moalar solution of sodium
Lhiosul{ats, use 4.14 ¢ of sodium thiowulfate per 100 mL
of Sterila. Water for Injection or 2.64 g of anhydrous
sodiuin thiceulfate per 100 mL or dilute 4 mL of Sodjum
Thicsulfate Injection (10%) with 8 mL of Sterile Water

for Injection.. .,

TN e Sl trtta

Before using MUSTARGEN, an accurate histologic diagrosis
of the disease, a know!ledge of its natural course, ard an ade-
quate clinieal history are important, The hematologic status of

[ the patient must firsi be m
stand the hazardr and thempeutio ,r‘ran_:
ful clinical judgment must be EXerviged
the indication for its use 1 nuyt plps

L
o L -

)
As nitrogen mustard therapy my“é__:
and rapid development Ofnmyloidc&ﬁ‘;
if foci of acute and chronic BUpPpUrEE -~
absent. < e e
Usage in Pregnancy . e
Mechlorethamine hydrochiorida S
adminigtered to a pregnant wo m"'lk._
shown to produce fetal ma]foi—n:i.t'w
wher given as aingle subcutaneaiy
(2-3 times the maTimum recommppden
are no adequate and wel] controlleg
women. [f this drug is used during =~
tient becomes pregnant while tafing—
should be apprised of the potentiay
Women of childbearing potential ahrs-

becoming pregnant. e
U
PRECAUTIONS-’ L=
. - e
General - L _'_r'“‘_';;_—-_‘
Thia drug i highly toxic and both S

be handled and administerad wits -
GEN is & powerful vesicant, it i ..
travenoun use, and in most instad_
Inhalation of dust or vapors and 427
membranes, especially those of {=
Rubber gloves should be worfs:
GEN. (See DOSAGE AND ADML"
SUPPLIED, Special Handling)™ -
Because of the toxicity of MUSTAT
side effects following its use the
fort from the' iae of this-drif.;.
neoplasms or in the terminjff=r-
balanced aglinat the l.i:d.l'tid-::-_

| will vary with tha nature addths-
treatment. The routine ubgf 1=
- widely dimeminated neopliatpe.
The"use ‘of MUSTARGENGies-
thrombocytopenid;and sriem—
marrow by tumor carrief A5 -—
good response to treatmen|, wifir
from the bone marrow may b= —
of bone marrow function, Han<
response or in patients whiki-
with chemotherapeutic. agenigs—
ther compromised, and leukps—
anemia may hecoma more g
the patient... ; - ..< .7 } .
Tumsors of bone and nervous S
therapy. Results are unpredictat-
lignant tumors of different tyz-—
Precautions must be observed we—
and x-ray therapy or otherT:*
courses. Hematopoietic funet=
pressed by either form' of the—
GEN following x-ray therapy i=.
to the drug should be giﬂp-‘“'“
recovered. In particular, imAc—
num, ribg, and vertebrae shg
mustard may lead to hematok=.
MUSTARGEN has been rejua=
sive activity. Therefore, it ab
of the drug may predisposa the
fungal infection. -.c:: HI# =
Hyperuricemis may develop:==
GEN. The problem Of;:f_‘f‘r
pated, particwlarly in the bite————————
adequate methods for oon!‘-l;!_?_':-=-
instituted and careful atten:=
fluid intake before treatméi-,
Since drug toxicity, especialy
frilure, soems to be more o
kemia than iz ather condi Lo ————
this condition with gt O ———
Extreme caution must be ueed

mended dose, |Ses O ———
Laborotory Tesa Y
Many abnormalities of

function have been m;l]fk_d-=
ease and mimﬁ?ﬂwﬁgﬁ
renal, hepatic, an Loy 000000000 3

G:.rl.'mogepn:cn Muh&lﬂ"‘-i_ o ,—=£
Therapy with alkylaticg A o e—————
be associated with ap ipcie -
oant tumer, elpuclau" y w yri

other antineoplastic agen™

Young-adult female
with four doses of 2.4 msf._i

tion) at 2-week inte o
An increased incidence &
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+ subcutangg

“Lum Tecomm

Py in excreted in buman milk.
d in human milk and be-

d well eonfiy sdverse reactions in nurs-
3 used duripy '§ decixion should be made
ant whiie (g} 'ar to discontinue the drug,
of the potep) ftance of the drug to the
.-:ngpotenti&.} R Lot e -

o d;in bhave not been estab-
-Use of MUSTARGEN in
" MUSTARGEN has been
bpes 111 and [V, in combination
OPP scheduls). The MOPP
ides mechlorethamine, vin-

or prednisolone. -

-~gicant,

1 mOst in

* - vapors and
ul¥ thuse of i3
.d be worn g

= AND ADM
Handling) 2§

:v of MUSTAR] Rlabitis may result from direct
5 its use, the} Eftintima of the injected vein
: this drug ig¥ rolonged contact with the
: terminal sial pressure in the antebra-
.2 limited ganil Itfhor compression from se-

e sh .

ature and thd}
.tine use g .
i neoplasn

i )
nf v i

- ~iment with

+ = may be i
~ion. Howyy
-3ts who bf¥
-1 agents
ind leukopegd
~: more sevell

-~ -en -
. ot should J -
-« Lhe P

16 chges severw thrombo-

the qums and gastroin-
L subcutaneous hemor-
* transient and in most
platelet count. How-
‘able. depresgion of the

y fnﬂuw: the usus] dose

. Demia Ely‘thrmyh
28 during the firet 2 weeks
Epally. (Depression of the
Cin “PdhEOdnytormun
PP s 1 TR
. IS Gplpuhr skin erup-
oo ) Y BCTRtc and does not neces-
L v H ; ¢f the drug, Erythema
: “Pea toster, a common
: With lymphomas, may
and on occasion may
18r treatment should be

discontinued during the scute phase of this illness to svoid
progression o generalized herpes zoster.

Reproductive: - Since the gonads are susceptible to MUS-
TARGEN, treatment may be followed by delayed catamenia,
oligomenorrhea, or temporary or permanent amenarrhes.
Iropaired spermatogenesis, azoospermia, and total germinal
aplasia have been reported in maie patients treated with
alkylating agents, especially in combination with other
drugs. In some instances spermatogenesis may return in
patients in remission, but this may occur only several years
after intensive chemotherapy has been discontinued. Pa-
tienta should be warned of the potential risk to their repro-
ductive capacity.

GVERDOSAGE

With total doses exceeding 0.4 mg/kg of body weight for a
gingie course, severe leukopenia, anemis, thrombocytopenis
and a hemorrhagie diathesis with subsequent delayed bleed-
ing may develop. Death may follow. The only treatment in
instances of excemnive dosage appears to be repeated blood
product transfusions, antibiotic trestment of complicating
infections and general supportive measures. - -

The intravenous LDg, of MUSTARGEN is 2 mg/kg and
1.6 mg/kg in the mouse and rat, respectively.

DOSAGE AND ADMINISTRATION

Intravenous Administration S e
The dosage of MUSTARGEN varies with the clinical situs-
tion, the therapeutic response and the magnitude of hemate-
logic depression. A total dose of 0.4 mg/kg of body weight for
each course usually is given either as a single dose or in di-
vided doses of 0.1 to 0.2 mg/kg per day. Dosage should be
basad on ideal dry body weight. The presence of edema or
ascites muat be considered so that dosage will be based on
actual weight unaugmented by these conditions. -

The margin of safety in therapy with MUSTARGEN is narrow
and considerable care must be exercised in the matter of dos-
age. Repeated examinations of blood are mandatory as a
guide to subsequent therapy. (See OVERDOSAGE.} . <!
Within a few minutes after intravencus injection, MUSTAR-
GEN undergoes chemical transformation,“combines with
reactive compounds, and ia no longer present in ita active
form in tha blood stream. Subsequent courses should not be
given until the patient has recovered hematologically from
tha previous course; this is best determined by repeated stud-
ies of the peripheral blood elements awaiting their return to
normat levels, It is often possible to give repeated courses of
MUSTARGEN ay early as thres weeks after thratment.. .2
Preparation of Solution for Intrapenous Administration .-
This drug is highly toxic and both powder and solution must
be handled and administered with care. Since MUSTAR-
GEN in a'powerful vesicant, it is intended primarily for in-
travenous use, and in most instances iy given by this routs.
Inhalation of dust or vapors and contact with skin or mucous
membranes, especially those of the eyes, must be avoided.
Rubber gloves should bs worn when handling MUSTAR-
GEN. Should accidental eys contact occur, copious irrigation
with water, normal saline or a balanced salt ophthalmic irri-
gating solution should be institutad immediataly, followed
by prompt ophthalmologic consultation. Should ascidental
akin contact occur, the affected part must be irrigated imme-
diately with copious amounts of water, for at least 15 min-
utes, followed by 2 percent scdium thiseulfate solution. (See
also box warning and Specia! Handling.)

Each vial of MUSTARGEN contains 10 mg of mechloretha.
mine hydrochloride triturnted with sodium chloride q.5. 100
mg. [n neutral or alkaline aqueous solution it undergoes
rapid chemical transformation and is highly unstable. Al-
though solutions prepared according to instructions are
scidic and do not decompose as rapidly, they should be pre-
pared immediately before sach injection xince they will de-
compose on standing. When reconstituted, MUSTARGEN iy
& clear colorless solution. Do not use if the solution is discol-
ored or if droplets of water are vuible within the vial prior to
reconstitudion - . .

Using a sterile 10 miL syringe, inject 10 mL of Sterile Water
for Injection or 10 mL Sodium Chloride Injection into a vial
of MUSTARGEN. With the needla (syringe attached) still in
the rubber stopper, shake the vial sovera! times 1o dissolve
the drug completely. The resultant solution contains 1 mg of
mechlorethamine hydrochloride per mL. -
Parenteral drug products should be inspected visually for
particulate matter and discoloration prior to administration
whenaver solution and container permit.

Special Handling - L :

Due to the drug's toxic and mutagenic properties, appropri-
ate precautions including the use of appropriste safety
equiptnent are recommended for the preparation of MUS-
TARGEN for parenteral administration. The National Inati-
tutas of Health presently recommends that the preparation
of injectable anti-neoplastic druge should be performed 1n a
Class IT laminar flow bioloqeal nafety cabtnet and that per-

sonnel preparing drugs of thia clane should Wear surgi-
gloves and a closed front surgical-type gown with knit cuffs
Several other guidelines for proper handling and dispogal .
anti-cancer drugs have been published and should be sonsi.
¢red. There is no geoeral agreement that all of the pir
cedures recommended in the guidelines are Decsasary o
appropriate. :

Accidental contact: Should accidental eye contact oo
copious irrigation with water, normal saline or a balancs
salt ophthaimic irrigating solution should be institutsd i
mediately, followed by prompt ophthalmelogie consultation
Should accidental skin contact occur, the affected part mus
be irrigated immediately with copious amounta of water, fo
at least 15 minutes, followed by 2 percent sodium thiosulfat -
solution. (See also box warning.) S
Technique for Intravencus Administration =~ -
Withdraw into the syringe the calculated volume of solutiog
required for a aingle injection. Dispose of any remaining solu-
tion after neutralization (see below), Although the drug may
be injected directly ints any suitable vain, it is in jected pref-
erably into the rubber or plastic tubing of a flowing intrave-
nous infusion set This reduces the poasibility of severs local
reactions due to extravasation or high concentration of the
drug. Injecting the drug into the tubing rather than adding
it to the entire volume of the infugion fluid minimizes a
chemical reaction between the drug and the solution. The
rate of injection apparently is not critical provided it is com-
pleted within a few minutes.

Intracguitary Administration .

Nitrogen mustard has been used by intracavitary adminis-
tration with varying success in certain malignant conditions
for the cdntrol of pleural, peritoneal, and pericardial effu-
sions caused by malignant esils N
The technic and the dose used by any of thess routes varies,
Therefore, if MUSTARGEN is given by the intracavitary
route, the published articles concerning such use should be
consulted. Because of the inherent risks involved, the physi.
cian should be experienced in the appropriate injection tech-
Rizs, and be thoroughly aware of the indicdtions, dosages, ha-
zards, and precoutions as set forth in the published literature.
When using MUSTARGEN by the intracavitary route, the
grmniui precautions concerning this agent should be borne in

m

As & general guide, reference is made especially to the tech-
nicy of Weisberger ¢t al. Intracavitary use is indicated in the
presence of pleural, peritonéal, or pericardial effusior: dus to
metastatic fumors. Local therapy with nitragen mustard is
used cnly whﬁ_'m-ﬁmﬁt_’éul{gﬁ*ww-iﬁ ‘the’
effusion. Intracavitary injection is hot recommended when
the socumulated fluid is chylous in naturs, since results are
likaly to be poor. -. .t e e A g e ol e
Paracentesis ia first performed with most of the fuid being
remaved from the pleural or peritoneal cavity. The intraca-
vitary use of MUSTARGEN may exert at least some of its
sffect through production of a chemical poudrage. Therefore,
the removal of excess fluid allows the drug to more easily
‘contact the peritoneal and pleural linings. For intrapleural

or intrapericardial in jection nitrogen mustard is introduced
directly through the thoracentesis needle, For intraperito-
neal injection it is given through & rubber catheter insartad

into the trocar used for paracentesis or through a No. 18

gauge needle inserted at another aite. This drug should be
injected slowly, with frequent aspiration to ensure that a

free Qow of fluid is present. If fluid cannot be aspirated, pain

and necrosis due 1o injection of solution outside the cavity

may oceur. Free flow of fluid also is necessary to prevent

injection into & loculated pocket and to ensure adequate dis-

semination of nitrogen mustard. :

The usual dose of nitrogen mustard for intracavitary injec-

tion 8 0.4 mg/kg of body weight, though 0.2 mg/kg (or 10 to

20 mg) has been used by the intrapericardial route. The solu-

tion is prepared, a8 previously described for intravenous

injection, by adding 10 mL of Sterile Water for Injection or

10 mL of Sodium Chloride [njection to the vial containing 10

mg of mechlorethamine hydrochloride. (Amounts of diluent

of 50 to 100 ml of normai saline have also been used ) The

position of the patient should be changed every 5 to 10 min-

uteg for an hour after injection to obtain more uniform dis-

tributior of the drug throughout the serous cavity. The re-

maining fluid may be removed from the pleursl or peritoneal

cavity by paracentesis 24 to 36 hours later. The patient

ahould be followed carefully by clinical and 1-ray axamina-

tion to detect reaccumulation of fluid.

Pain occurs rarely with intrapleural use; it is common with

intraperitoneal injection and is often associatad with nau-

sea, vomiting, and diarrhea of 2 to 3 days duration. Tranaient

cardiac irregularities may occur with intrapericardial in jec-

tion. Death, poasibly accelerated by nitrogen mustard, has

Continued on next page

Infarmation an the Merck Sharp & Dahme producta listed on
these pages is the full prescribing Information from product
circulsrs in use October 1, 1951,




Background Document C, Reference 8

Edgewood Arsenal, 1974, Chemical Agent Data Sheets, Volume I, Special Report EQO-SR-
740001, Department of the Army, Edgewood Arsenal, Aberdeen Proving Ground, Md., Dec.

See Background Document B, Reference 15
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Tigure 1.1. WVepor Prassure as 2 funciion of the te-perazure.

The temperzture dependence of the vapor pressure can be approxi-
mately cajculated by Regraulc's formula

18?*4-%, (1.111)

where 4 and & are individual constants whase values can be calculated fTom
two different boiling points I'; and P; and their corrssponding pressurss
P1 and py, if the boiling points differ by at leasc 70°.
1
2
a 1 4 -5
) 1zt T

; 3
b} lgpz =4 o ..

The chief numerical values re=quired in the chemistry of chemical
warfare agents are shown in Table 1.1.

Table I.I. The constants 4 and 2 for calculating the vapor pressure ac-
cording to Regnault.

Cherical Warlare Agen: ) ' A d
Bis-(2-ciloroethyl) -thicether 9.4819 3117.2
Cyanogen bromide 10.3282 2457.5
Diphenyl chloroarsine 7.8930 5288
Diprepoxy-(2) -phosphoryl fluoride Q.d52 25671
Methyl dichloroarsine ' 2.6944 2281.7
Phosgene 7.5595 1326
Propoxy-(2)-methylphasphory! flusride 9.8990 2850.9

TrichloreniziTomethane 8.2424 2045.1

Thermodynanically the decendence of the vacor pressure on the zan-
serature 2an be explained 5v the Clausius-Clapevson eauation (1.IV), in
witich the diffsTenctial quotisat dp/dT denoctes the variazion of the pres-
sure with the tomperature [1].

do AM,

T T T, - Y (1.1v)

A4, = enthalpy of evaporation, or molar hest of evaporation.

In the case of a low vapor-pressure value the egquaticn can be
sizmplified by disTeyarding the malar volwme Y.o. of the liquid phase and
assuniag for 77 the validity of the ganeral cquaction of stace of ideal

gasces,
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Teble 3.2, [iysical daca for chlorsacetophenone,

3oiling point c 139 ... D41 247 (245)
nm Hg 14

Freezing peiac ‘c S8 ... s3

2y at 20°C w1 Hg ; 0.013

Cy at 20°C mg/1 0.105 T T e

Yapor density : 5.3

0o g/cml 1.321

Hea: of vaporization cal , 89

Solubility:

Water 0.1%

Organic solvents Readily soluble in halogen alkanes, alkanoles,

. ether, carbon disulfide, benzene -

Chemical warfare agents Trichleronitrometharne, phosgene, sulfur custazd,
cyanogen chlaride
Inorganic substances Slightly soluble in SnCl,, TiCl,

vapor pressurs which develops suffices to make a tarTain contaminated with
chloroacetaphenone impassable without protective masks. The lowe= thresh-
old a7 detectable chloroacetophenone sympzoms is 3 + 107" mg/l.

Tsbiz 5.3. Vapoer pressure and volatiliTy of- chlorvacstophencne between
-20°C and +50°C.

Termeraturs| '« | ~m - ° 10 L] n “ n

Yanor Dressuvs(=m g‘! LE- 10 60 10™ 1.7-10-" 4.8-10- L3- 50+ 5,0-10-0 22 (0% L6- 10~

Volatilis met | o107 5a1000 L3 1e 420007 019 25000 AT ioe 02

The effect of chloroacetophenone vapors is dejendent on ths outside
temperature. As Table 3.3 shows, the volatilicy below 10°C is too leow for
an effective concentrarion to develop. It is possiblar nevertheless to use
it in cold scasons, in the form of an 22rasol. Chloroaceropienone is suf-
ficiently stable with respect to heat, and can therefors be used not only
in shells and hand grenades, but also in low-temperaturs carbonazion gases.

It is principally used as an aerssol warfiTe agent.

The fact that chloroacetophencne does not decompose 2t its own b
T makes it possible to pour the liguid praduct dirscily into sh

ix it with low-zarbonation mixturss and 2ven wiih explosives, e

initrotoiuene, sspecially as these nzve approximately the same

oo

W ber pe

1=
in

-
-

o
("]

c=xd.-

“orl R e

i
c gravitr.
'

¢eically indissoluble in water, but
al

Caloroacetopicnone =
¢ salvents, such 25 chloralkands,

is
salves well in the usual erg
oL

and Senzenc.- It dissolves
agents, such as sullur mus:
gen chloride,

, prosazae, trichlersniiTomethane, and <yano-

Oczending on the deasity o poisoning and the local and netecorclogi-
cal esnditions, chlovaacetopicnone selulions =y be persistent far hours
zad davs, A chlaroucetoracnonc-cnlarapisrine saluzion =ixed wizh trichlora-
;oshuore [s osaid o fave 2 persistency ia hic wnods 9f two hours i the sum-
Ter smd un 1o a week ia the winzer. [n the open one hour in the summer and
six heurs in the wincer is caunged on, '
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3.1.2.3.3, Chemical Progercies

Chlorpacetophenone is by structure a mixed aliphazic-aromatic ketone.
As such it is relatively sgable and slowv to react. The well-known roac-
tigns af the 2lipghacic ketones wizh the carbonyl recagents such as hvdegxyl
amine and hvdrazine occur hore, too. On the other hand no hydrogen sulfite
addicive compound forms, -

_The thermal stability of chlorcacctophenone is good; it is stable
when detonated. [t is oaly whea exposed 2o a temgerature above 300°C for
2 considerable period (15 minutes) that it is noticsably broken -down, --
1.5% at 300°C, 9% at 600°C, and about 30% at 730°C,

Judrolusis. -- Even in wateT at poiling temperature chloroacetozhe-
none is not hydrolyzed or not noticeably so.

Chloroacetophenons on the ground does noi lose ics propertizas even
under a covering of sacw, and afger the snow melts it is again phvsiologi-
cally efiective under correspondingly favorable weather temperaturas; the
same applies to chloroacstophenone poured into the ground.

Tne rates of hydralysis is acceleratad by alkalis is so slow
at_porpal températures thac this reaction 15 worthless for deconzamination.
A quantitative conversion is achieved only by boiling in alkali hydroxide
solution, especially when alcoholic sclutions are concerned. As a product
of hydrolysis, oxymethyl phenyl kecone (oxvacstophenone) is formed, --
crystals which melt at 86°C.

o & NaOH TN - g
-\._>—co—-cs-£=c: e {_y—cocHon (3.13)

Further Recciicns o7 the Chlorine Afem. -- The chlorine atom of
chloroacetaphenone can alse be substiituted by other reaciions. With alkali
iodides in alcochol-water solutions iodoacetaphisnone foras, an acicular
crystalline substance.

- o _*I- - " -
CgHsCOCH,CL i CgHgCOCH, I (3.14)

As in the case of the aliphatic halogenatsd ketones, chlorsaceto-
phenone exaibits conversien with sodium sulfice in alcoholic or alcohoi-
wateT solutions as the best-suited reaction for 2 possible contamination.

+Wa S

P (CsHgCOCHE2 )45 ¥ (3.15)

2CgHCOCH,CL

The bis-(acstylphenyl}-thioether* (freszing point 74°C) shows no phvsiolo-
gical effect.

By boiling with scdium thiosulfats the soéium salt of acetyrlphenyl

thiosulfanic acid is obtained.

CedsCCCE,»32C7a

CenZingcszion Pecasicns. -- As a Xecome, chlerdacsigphenone reacts
among other things with hvdroxvl amine.

—_—

At TIom remparature in aqueous meihanol solutlon it forms
hydraxyl 2zirolydrochlorids the compound s-chloTeacetophencne oxime (Shloro-
meshylpheasv! kezoxize; 3.10), a colorless crystalline comepound (free
peint 85.3° to §9°C), which has 2 pewerful lachrymogenic effze: ane,
the halogenated oximes (cf. section 5.4), producss leng-las
tations (rashes). This campound has nol beon seriously =mentigned in

literature before as a gpossible chemical wardare agent.

*Yhenacyl thizezher,
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possibic chemical warfare agenc a2 the present tiee,

A bromochlorine sompound is 2.chloresthyl-2'-hromccthyrl thigether,
Cl-CligClly =5 -CllaCly-Gr, Prry 123° o 132°C, =elting poiac 22°C.  The ana-
logous iodine compound, dbis-(2-iadoethvl])- thioc:h:r, is a vellow ervszal-
line compound (mcl.;ng paint 61° fo 70°C) whase prapertics carrespond o
those ¢f the compounds alreidy discussed.

5.1.4.3. 2.2'~Bts-(2-chiloroethyitiial)-Siesyl Z:har
- /Cu.cu -s-c. i,
Ner, CH-S-CIe,Ci,Cl

Qxin-_ mustard
Bp, 174°Cy2py ca, 120°C
Melting point -3C... -28°C
D% 1,231

2.2'-bis-(2-chlorcethylthio)-diechyi echer, like ths compounds
discussed below, was produced and investigated ix England during the Sac-
ond World War [37]. This compound hgs a considerably gregza- skin-
damaging effect than bis-(2-chloroethvl)-thicethtr. In general its
Piysiological effectiveness is reported to oe about 3.5 times as great

as that of sulfur muscard.
J

The reaction of concentrated hydrogen chloride with bis-(2-hvdroxy -
ethrl)-thioather at 110°C produces a mixtuze of 50% bis-(2-chloroezhyvl)-
thigether and d0% 2.2'-bis-(2-chlorcethiylchio) -diathyl echer (the so-

cailed HT mixture). The oxygen muszard cannot b2 remcved Zrzm the mix-
ture by distillacion. .

Preparation in the pure form can be accorplished by chlorination
of 2.2'-bis-(2-hydroxyethylthio) -diszhyl ether with thionyl chloride in
a chlorofora solution below 40°C.

CH,CH;-5-CILCH.CH - 5o, CH,CH, 5 CH.CH.C

NCH,CHt, - §- ClsCll,on ~ 0= 10 O (5.43)

NCH,CiH,-5-CH,CHLQ

The hydroxy ccmpound is obtained fram bis-(2-chlorgethvl)-ether
and 2 mole Z-hydroxye:hane wniel in an alcohelic soluzion of sodivm in
accordance with (5.44}. It is a canucurd that celis at 32°C and has a
high beiling point (333, s 213°C). ’

SEHCHC | oo cnon o CHICHL S CHLCILOH

e g 5.44
CH,CILC ma NCH,CH, - 5-CHL,CH, 0l ¢ )

Ctr-ga mugsard is a colorless liguid which dissolves readily in
the usual orzanic solwents such as ben:zene and ac2conz. It is less saiu-
bla in ch:hol. It is ingoluble in water.

Chemically it behaves [ike bis-{Z.chlorczthwl}-thiseziecr. Usual-
lv the sams prcduc’s ocsur in ehamiczl! reactions, as #.7. N-[p-iolucne-
sulfonyi}-ois-(2-< .e'c-.nvl] sulfimine in the recaction with chleramine.

The analogaus iod;:c and bremine conpounds are mo
esnecially 2.27-bes-{2-iadaczhvithia)~dieziy! 2:fer t
mixztures has beon cansidered.
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ezhine with turbulcnee. Either by refriperation or hy controlling
the course of the reaction and Tegulazing the supply of 21s, the Teac-
tion temperature is kepe helow 30°C.

The oily liauid mixcure produced is treacted with scai-concentrac-
cd hydracitloric acid or with ccthanslamine hydrochloride depending an
the catalys: used. The purification pracsss ends wizh :hc discillazlive
separation of the I-ciloroezheny!l dichloroarsine under reducad sressure.

8y the new mcchod an 35 to 20% yield of an almost pure, almest
odorless product is obtz2ined. The proverction of the secondary praoduc:
in the indusirial product is abour 10%. Tertiary arsine, mixed wich
arsine(lIl)chloride, is contained in the industrial product enly in
ninute ameunts.

3-z—r":-r.c ‘r tra Z«"_’:cz':-:‘o:'y. -~ The substance is presarsd Irom
arsenic(flI}zhloride and ethine, with a2luminum(Ill)chloride serving as
Z catalyst,

45 g AsCly and 15 g anhvdrous AICLl3 are put into the reaction
vessel (a 250-ml flask]), which is provided with a stirrsr-, a gas-inlet
tube, and 2 gas-outlet tube., & to & 1 of ethine is conducted through
the reaction mixture with stirring and cooling; the echine is previous-
ly purified with sulfuric acid and dried with calcium chloride., The
reaction terperature should not excesd 33°C. The reaction product is
slawly pourced inco about 200 ml of hydrochloric acid at a temperacurs
below 0°C and then stirred 10 to 1S minuzes. Washing again with hwvdyo-
chloric acid is recommended. The oily stractum formed is distilled under
2 reduced pressure of 20 To 22 mm Hg. The first fraeticn, wp to 83°C
cantains avsenic(IIl)}chloride; the Z-chlaorvethenyl diczhloroarsine passes
over at 80 w: 100°C as che second fraction, wiile the secondasy byv-
product will pass over at 120 to 140°C and the tertiary above 140°C as
the third fractien.

5.3.3.2. >Physical Properties

In the older literaturs the satements concesrning the physizal
properties of Z-chloroethenyl dichloroarsine are coniradictoryv, since
fcr a Iong time no one was in a posiction to produce a pure product.
For military purposes a stabilired industrial product was toleratad.

The industrial produc: has a stiteng, pensetrating geranium oder.
purified produc: is odorless. Industrial lewisite is an oily, dark-
brown liquid with a congealimg point at about -10° ts -13°C. Below

10°C the induscrial lewisite becomes naticezbly mores viscous.

By reason of the unsaturated stTucture of these csmpounds the
prerequisites for stereoisomeric phenomsna are present. The trans and
¢is forms of 2-chleroethenyl dichlorsarsine have besn isolated and
their physical consctants determined [533].

ion and bv irradi-

The cis isomer is formed in th i=
21 t3 <00 nz).

atingz the tmans isemer with uliravi
Tnz velazility of tTans lewisize at 20°C is given as 4.3 =g/i,
while the wvolatiliziv of erdinary lewisizs contiaining beth czaponent
amounts w3 about 2.3 mg/l.
Above 1907C, the Bolling point ¢f avdinary lewisize, dacompesi-

ien pne..c.:rs.‘.\ aspezxt.

The solubility of lewisice in wacer is sligh:, 2bouz 0.5 z/1.
1t is readilvy solunle in ovzaniz seivents such as Aalogen alkzanes,
aikarels, aad gasoline. It is also r2adily soluble in vegezabls znd
zni=nal fxzs and in oils.
Qes=usc aof its geed =miscihilizy with other chemigal wardate agents
ciical mixIurss,

lewwisize is suitable for usc in the praparation of U=
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Trans-2-Clloraathenyl Cis~-2-Chlarcethenrl
Dichlaronrzine Dichlorsarsise
(Trans-Lewvizite) (Cis-Levisiza
(ordinary lawigiza {iso-lavisita)
Cl [t H Cl
N N
i d
[
W Nasc, . u’ c_\.mc:.,._.
%0753 c 196.6 169.8
fot *C -2.4 -14.7
5s at 25°C  aom Hg 0.40 1.562
p2% g/cm? 1.3793 1.8598
by g/en? 1.9210-0.00187 - ¢ 1.9018-0.00165 - &
. 1.6076 1.5898

tCongesling coint.

e.g. it mixes with sulfur musta-d, dipnosgene, and various cheaical
Te agents which are organic compeunds of phrosphorus.

The power to penetrate materials such as leathe:, Tudber,
woed, and textiles is more matked in lewisite than in tife nustards.

5.3.3.3. Cremiecl Prozercias

Thermal dissociation of 2-chlorocechenyl dichloroarsine vields
the sezondaTy and tertiary arsines, which under some cirstumstances decom-
pose further into molecular clsavage products. Even with very brief
heating, such as occurs for instanes in explosions, the decompesizion
pheromena aTe considerable, so that when pure, odorless lewisite is used
odoriferous ccmponents ar: produced, especially in the form of terziary
lewisite.

lewisite is relatively unstable, z fact that is to be attributad
to its -AsCl; structurs and its unsarurated charac:er,'

When the product is storsd for a long time in metal containers
the development of acid cleavage products must be avoided. Lewisite 1s
catalytically coaverted by iron {nto the secondary and the tartiacy
product. High-qualizy stesls ar= not affec:zed. . Aluminum and aluminum
alloys are greatly corroded by lewisize,

arage of lewisize in shells aad bombs is made possible by stabil-
<

st £
ize=5 and cayrTssion icrhibizaTs.
There ars no significant diffs-saces bolween the two lewisite iso-.

They cin he distinguished by their dilfer-

=ors in chenical prooeciies.
zhan

ing behaviar in <3ld alkali lyes. The trans fota 1s morz unstable
the cis form.

Jucroiusis. =-- The -AsCl. gToup as an acid chloride determines

the hydrolwsis of lewisize. 1t is relatively zapidly hvdrolrzed, ziving
0f7 hvdrechloric ac:d and farming 2-chlereezneayl arsiniz. oxide.
el -
CLCH=CH-~821; ‘..—O..—'- 1CiE=CH-A8=d (5.78)
T =alla

The ranid hvdrolysis is ameng the moss important shoricomings of
this chemicai <arfare ageaz, The epinion formerly held that lowisice
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coutd be used for poisaniag water because of the nolsonous 2-chloro-
ezheavi aTsinic oxide thaz is farmed can no longar be defended.  Far
such 2uTPoscs more cffective compounds sro oavailable todav,

lts tendeacy 3 hwdérolysis permiczs the use of lewisite only uadas
“e most f-vo::blc meteoraiogteal conditions,

2-zhlerocthenyl arsinic oxide is a white crystalline subszan
thzz meles ar 1M3°C.  The oxide of fhe cis isoz=r melzs ac 131°C
acts 35 a blood poison and in suitsdle salven:is also shous a consid:
able skin-irritant effecsz.

Weax alkalies su::ic- to promols hvérolvals. Dilute ammsnia solu-
:icws are ad-quau- to eznvert l-chlorsethenvl dichlorsarsine inzo the
2 ¢ffect of aikaliss even without hea:t leads to complite ca-
o7 the nolacuis. )

. ey FEH2OE - n e cmer L e -
H-AsCly —— llajAsQy + 3aCl + CE=TH + 32,0 (5.79)

Trans lewisite dissolves in cold sedium hydroxide solutisn with-
cut the desvelopment of ethine and with only the formation of the sodiua

salt of arsinic acid. .

This behavicr serves to distinguish the two isomers. At tesmeri-

tures above 30°C cis lewisite is also completely decomposed by alkali

lyes. The conversion of lewisite with alkali lyes is quanzitative. It

is a decontanination reacticn and can alsa be used for analysis.

The lewisite moleculs is decomposed by zguecous sodium sulfids

ith the Sormatizn of arsanic sulfids and ethina,

+3IMaa8

—_—m—— 45,5, + 20T 5.

ZNacl 4575 4 ec ) (3.380)
Otrer reactions o the -15Cls ¢roup. -- Hydrogen sulfide in alce-

holic soluzion with 2-chloroethenyl dichlorcarsine forms aa arsinic sul-

fide with a powerful irritant effsct.

2C1CH=CHASCL,

Cl-CH=CE-AsCly, —o—— CICH=CH-As=5 (5.81)

The zost important Teaction for decontanination is oxidazion.

3y such oxidizing agents zs hydrogen peraxide, nitric 2¢id, and chlarids
oI lize, tx=z arvsine is converted into the arscnic asid. -
“OH
- O = JHOH /7
. Tt o (e et - -
. C.Frl Cri-—AsCl, —Tha CCH =il Al-:gH (5.82)
) v
2-chlorgethenyl azsonic acid consists of acicular cyvstals malz-
ing at 130 zo 131°C. It can be prepared relatively easily by thz2 aztism
of chlarine on an aqueous lawisize solution. Tiue solution is conecenczrozt-
ed and Ihe crysials obtainad from watz2r. The cis issmeric esmpound has
a 1cw ac melzing seint (50 25 91°C). The arscniz acid produces no ghyrsia-
1lerinaticn of 2-chloreethenvl Zichlora-
tem., IZ the compeund is dissolved in
togen alxznes, and tTeared witzh chlovTine
ralogen atoms to the double bond of ke

zzusous salutions lezds 23 fhe fowmz
roarsine, which is gznverz2d bw
2cid.

arTseaiz

niz i
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1.4-DITHIANE

Mary B. Deardorff, Ph.D., B. Ram Das, Ph.D., and
Welford C. Roberts, Ph.D.

[. General Information and Properties

I,4-Dithiane (diethylene disulfide) is a crystalline, organo-sulfur compound
associated with the storage of mustard gas (Berkowitz er af, 1978). At room
temperature it may exist as white monoclinic crystals. The X-ray analvses
indicate that [,4-dithiane has a centro-symmetrical chair configuration consistent
with the absence of a dipole moment. [,4-Dithiane is a volatile crystal, and its
odor has been described as very unpleasant to almost odorless, suggesting that
different impurities may influence its odor. It is moderately soluble in water,
sublimes at modest temperatures without being destroyed, readily steam distills,
and volatilizes with alcohol well below its own botling point. General chemical
and physical properties of 1 4-dithiane are presented in Table 1.

1,4-Dithiane concentration in mustard gas (bis {2-chloroethyl) sulfide)
increases over time (Berkowitz, 1982). Although the source of 1,4-dithiane in
tmustard gas has not been documented under controlled laboratory conditions,
mustard degradation is considered the most likely source of the compound
(Rohrbaugh et al., 1988ab; Stein et al, 1946). Degradation of a mustard
simulant, 2-chloroethyl ethyl sulfide (CEES), has been shown to yield 1,4-

- dithiane, presumably via the degradation of dimeric sulfonium ion intermediates

as shown in Figure 1 (Rohrbaugh et /., 1988a; D"Agostino and Provost, 1985).
Trace quantities of water were thought to have initiated the degradation process.
The primary degradation product of CEES after one or two years of storage at

* ambient temperatures was determined to be 14-dithiane (Rohrbaugh e ai.

1988a,b). Rohrbaugh er al {1988a,b) also suggested that information on the
degradation rate of mustard could be useful in determining the age of mustard
gas and its impurities.

1,4-Dithiane has been found in groundwater at the Rocky Mountain Arsenal

. - (RMA), Colorado, and preliminary sampling results detected | 4-dithiane in

groundwater at the Aberdeen Proving Ground, Maryland. Its presence in

- groundwater has been associated with mustard gas deposits. production. or

demilitarization operations at these facilities (Berkowitz et af.. 1978; US.
ATSDR, 1989). The highest concentration of I.4-dithiane in groundwater (9.678
kg/L) has been observed at the RMA, where it is classified as a Priority 2
chemical (Berkowitz et al., 1978). At the Aberdeen Proving Ground. preliminary
Broundwater sampling results detected a 1 4-dithiane concentration of | mg’L
(1,000 pg/L) (US. ATSDR, 1989). The major environmental transport route
expected for 1,4-dithiane is through surface and groundwater due to its solubility
in water and relatively low octanol/water partition coefficient (<100} (Berkowitz,
1982),




202 MUNITIONS 11

Tabte |. General Chemical and Physical Properties of |.4-Dithiane

Propeny Value
A4S Mo f0%5-20.3
Svnonvms® Diethvlene disulfide. Diethylene sulfide p-Dithiane | 4-Dithacyciobexanc
Tewrahydro-1 $-Dithien. Tnethylene insulfide (earlv 1920s misnomer)
Tetramethviene | d-disullde (German equivalenn
Molecular weight 120 13* 120220 12029°
Empincal lomula® CHy5y
Structwre” 5
e,
Hzl ‘L“z
N,
Physical state White, monoclinic crystals at 25°C*, moderatelvy clear, prsm shaped crystals!
Melling point 111°.112¢CY (raaying from 108°-111°C)*
Bo:ling point 199°-200°C (F atm, 769 mm Hu)"]

Heal of combustion .793 2 kcal/mole a1 298* K {estimaled)”

Heat of formatron |1 8 keal/mele ar 268° K (esumated)®

Vapor pressure 0 & mm Hg at 25°C (esumated)**. 51 4 mm Hy at 111°C over hquid {estimated”

Gctanol-water partiton 44 (estimated)®. log K, = 077"

coefficient {K,.)

Stahility charactenisucs Stable in sesame oul stored at -20°C for 90 Javs'

Solubility charactenstics | Warer 1188 g1 {0099 mole/L) at 25°C (estimared)”,
29 mpmL?

2 Methanol 21 mpwmL at 24°C' tapproaimate)

3 Acetane 79 my'mL at 25°C' "

4 Hexane 17 mp/mL at 25°C"

7 Sesame oil 40 myfml at 25°C' -

5 DMSO 9% mg'mL at 35°C"

6 Tween 80 99 mg/mlL. at 35°C

{Saluble 1n ethanol. ether. chlorcform, benzene, and carbon disulfide)*

SOURCE  Adapied from "Berkowitz ef of (3978). "US EPA (1989), “Aldnch Chemical Co (198B). IWeast (1988}, *Small (1981,
'Thompson of al (1989}

1.4-Dithiane is produced in the United States for research purposes only
{Schieferstein, 1987). Berkowitz ef al. (1978) reports that there are numerous
procedures for synthesizing 14-dithiane. A convenient method that yields
respectable quantities (= 50% by weight) involves the reaction of an ethylene
halide {chloride or bromide) with sulfide (sedium or potassium) in ethanol with
subsequent heating in phenol to increase the yield. From simple hydroxy-
sulphides, such as S(CsH, -OH),, C3H4(S-C;HyOH)A, and S(CaHyS'CyHOH),.
Bell ¢r al. (1927) synthesized dithiane by boiling each compound for 2 hours
with hvdrogen bromide saturated phenol.
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1,4-Dithiane did not inhibit phytogrowth in Brassica rapa L. and Medicago
sativa L. and it did not demonstrate antibacterial activity to gram-negative and
gram-posilive bacteria {Inamori er al, 1990).

II. Occurrence and Sources of Exposure

The potential for human exposure to ! d-dithiane in drinking water may
exist in the United States. Groundwater contamination has been detected at the
Rocky Mountain Arsenal (RMA), Colorado, (Berkowitz, 1982).  Preliminary
results indicate that 1 4-dithiane IS in on-site groundwater at the Aberdeen
Proving Ground, Maryland (U.S. ATSDR, 1989). In addition, Small (1983) has
suggested that the potential exists for I, 4-dithiane contamination ar Font
McClellan, Alabama, where mustard gas was used or spilled before 1973,
Chemical decontaminants were applied to contaminated areas at Fort McClellan,
but the potential for persistent soil coniamination has not been assessed {Smalil,
1983).

The highest known concentrations of l,4-dithiane in the groundwater of the
United States were recorded at the RMA where they range from 3,600 to0 9,678
ug/L (Berkowitz, 1982). There is a potential for human exposures through
groundwater. 1,4-Dithiane is expected to be transported through surface and
groundwater and might weil migrate off-site (Berkowitz, 1982). Although
preliminary results indicate that only 1 mg/L (1,000 pg/L) 1.4-dithiane is in
groundwater at the Aberdeen Proving Ground, the site is considered a public
health concern because of the population centers living on and around the site
(U.S. ATSDR, 1989,

Other potential pathways of environmental contamination, in addition to
groundwater, are surface water, on-site soils, and volatilization of the
contaminant in ambient air (U.S. ATSDR, 1989). The vapor pressure of | 4-
dithiane is sufficiently high to allow some vapor transport from soil and water
to air (Berkowitz et a/., 1978). Human exposure could occur through inhalation
of volatilized contaminants or contaminants entrained in air during remedial
operations at contaminated sites (U.S. ATSDR, 1989). |.4-Dithiane can be
readily chiorinated by chlorine at room lemperature in carbon terrachloride
(Berkowitz er al, 1978), but no information was found regarding the rate of
chlorination in agueous media or possible implications for rate or extent of
chlorination in water treatment systems,

Although no published data were found. there is a potential for the
occurrence of occupational €xXposure to compounds related to 1.4-dithiane in
places such as pesticide manufacturing facilities and research laboratories. The
antitumor activity of novel pyrimidine nucleoside analogues of |,4-dithiane were
investigated and shown (o be somewhat effective in virro {Hronowski and
Szarek, 1982).
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D. Excretion
No data on the excretion of [.4-dithiane from the body were found.
V. Health Effects
A. Humans
No studies on the health effects of l,4-dithiane in humans were found,
B.  Animals

1. Short-term Exposure
a. Acute

Oral LDg, values for 1,4-dithiane administered by gavage to Fischer 344
rats were 3,680 mg/kg for males and 2,768 mg/kg for females (Mayhew and
Muni. 1986). A single dose of 1,4-Dithiane suspended in com oil was
administered to five rats/sex/dose in doses of 2,818; 3,162; and 3,981 mg/kg.
In addition, five females were administered 1,778 mg/kg and five males received
3,548 mg/kg 14-dithiane in comn oil. No information was found regarding
vehicle control animals. Fasted body weights on the day of dosing ranged for
males from 207 to 245 grams and for females from 153 10 177 grams. Animals
were observed at least once daily for both mortality and clinical signs of toxicity.
Animals found dead were subjected to necropsy as soon as possible after death.
All surviving animals were sacrificed on day 14 and necropsied. The necropsy
involved examinations of ail external surfaces and orifices as well as abdominal,
thoracic, and pelvic cavities and their viscera,

All mortalities occurred at [ to 6 days post-dosing. Mortality was greater
in females than in males at doses above 1,778 mg/kg (Table 2). Male deaths
were observed at or above 3,548 mg/kg and female deaths at or above 2,818 mg/
kg dose levels. The higher mortality in females than in males was not explained.
Deaths were observed within 72 hours in four of five males that received the
highest dose (3,931 mg/kg) and within 24 hours in two males that received 3,548
mg’kg 1d-dithiane. Among females administered the highest dose. the same
ratio as males (4/5) died within the same 72 hour period. Of the two females
that died in the 3,162 mg/kg dose group, one died within 24 hours, and the other
died on the 6th day after dosing. At the 2.818 mg’'kg dose, four of five females
died: three within 24 hours and one within 72 hours. No deaths were reported
at the lowest dose (1,778 mg/kg).
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Table 2. Two Week Monrtality of Fischer 344 Rats Dosed by
Oral Gavage with 1 4-Dithiane *°

Dose Level Number of Number of Compoung- Menality
(mg/kg) Animals Related Deathy (*%)
1,778 5 Females — 1] — [+]
1418 /Sex ] 4 it 30
) lel 5:5ex o 3 0 40
1543 5 Males 2 — + —
1,981 S1Sex 4 L] 20 80

“To keep the | 4-dithiane dosing sclution constant at 17 mg/kg body weight all animals received spht dosing within 2 (o 3 houns
"LD_W; are 3.680 my/kp for males, 2,768 mg/ky for females. and 3.473 mg/kg for the combined yexes

SOURCE Adapted from Mayhew and Muni (1988)

A variety of antemortem clinical signs of [ 4-dithiane toxicity were reported
in both males and females at all dose levels during the 14-day observation period
(Table 3). The most frequently observed clinical signs were associated with
central nervous system and gastrointestinal tract functions. All animals at every
dose level exhibited ataxia, which was observed in 95% of the animals at
sometime during the first 48 hours after dosing and not thereafter. Some animals
at every dose also showed lacrimation, crusty eyes and noses, lethargy, and damp
or stained fur in the perianal region. All clinical signs of toxicity were exhibited
before day 6 and not thereafter with one exception. A high-dose female was
reported to have had yellow/brown stained fur in the perianal region on days 4
to 9.

At necropsy of animals found dead prior to terminal sacrifice, lung and
gastrointestinal abnormalities, including liver changes, were typically reported
(Table 4). These abnormalities were characterized by red, black/dark, pale, or
white discolorations of the organs or their contents. A solitary, red cyst of the
left ovary was discovered in one high-dose female. This was the only abnormal
finding reported in the animals that survived to terminal sacrifice.

b. Primary Irritation. Dermal Sensitization, and Ophthalmologic Effects

No primary irritation or dermal sensitization studies of | 4-dithiane were
found.

Ophthalmologic examinations were conducted during a 90-day study of 1.4-
dithiane toxicity in gavaged rats (Schieferstein, 1987; Schieferstein et al., 1988).
Groups of rats (30 rats/sex/dose)} were administered |.4-dithiane in sesame oil
daily by oral gavage for 90 days at 0, 103, 210, and 420 mg/kg/day. Ophthalmo
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logic examinations were performed on all animals before dosing began and
during week 12 of dosing. The nature of the ophthalmologic examination was
not specified. No treatment-related ophthalmologic effects were associated with
| 4-dithiane after 12 weeks of dosing.

Table 3. Incidence of Antemortem Clinical Signs in Fischer 344 Rats Dosed
by Oral Gavage with |,4-Dithiane

Dose Level {mg/kg)
Clinical Findings 1.778 2813 1162 3.548 1981
s | s SE oM sE| s | sm o WE
Ataxa daps 0 0P ] s 5 s 5 5 5 5
Lacnimation {days 0-2} 3 4 5 4 4 s 4 5
Crusiv eve tdaye 149 5 3 1 5 4 3 i |
Crusty nose (davs 1 1 3 2 3 2 1 1 1
Lethargy (days 06} 1 [+] 2 3 )] 4 2 5
Damp penanal fur {dass 051 2 1 0 0 a I 0 4
Yellowbrown stined | a 2 1] . 1 0 [ 1
penanai fur (davs 2-9)
Prostration ¢deys 1-1) 0 1 2 1 2 ] 1 i}
Muscle tremors idavs 2-4) Q 0 i 0 2 0 ] 0
Red siamned fur around eyes ] 0 a 2 2 o Q Q
fdavt 1 D)
Squinting rday 23 o Y | 0 0 o o] 0
Crusly muzzle idayr 06} [+] 0 1] 2 1 0 a 0
Few si00)s (dsa 11y ] Q 1] 0 2 L] 1] [
No stools (v 1.2 0 0 o} [} b4 1 0 ¢
{rregutar breathing iday 2 0 0 0 [ o a | n
Hyperacuviny v m 0 0 0 1} ! a 4] 1}
Emacaaton  (teve 44} 0 a 0 0 1 a [ 0

*Number of animals over sex of ammals 1n each reaiment group
thngC of days that clinical signs were observed for all groups

SOURCE  Adapied from Mayhew and Muni {1986)
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als before dosing began and Mayhew and Muni (1986) observed some antemortem ocular effects in rats
thalmologic examination was while studying the acute toxicity of 1,4-dithiane. The compound was suspended
¢ effects were associated with in com oil and administered by oral gavage to Fischer 344 rats. Five
rats/sex/dose received 2,818; 3,162 or 3,981 mg/kg I 4-dithiane. In addition,
five females were administered 1,778 mg/kg 1.4-dithiane, and five males
s in Fischer 344 Rats Dosed received 3,548 mg/kg !{.4-dithiane. No information on control animals was
i hiane reported. The animals were observed at least once daily for 14 days for
= — mortality and signs of toxicity. Antemortem crusty eyes were reported at all
dose levels during the first 6 days of the study but not thereafter (Table 3).
"2 3548 398 Lacrimation was reported in both sexes at all doses during the first 48 hours of
- the study and not thereafter (Table 3).
SE| sMm [ M s
5 5 5 5
c. Subacute
4 s 4 5
\ . 1 | [n a 14-day range finding study, which was conducted to select a 90-day
maximum tolerated dose, Schieferstein (1987) administered 1.4-dithiane in
: | : . sesame oil by gavage daily 1o groups of six CD rats/sex/dose at 0, 25, 50, 100,
210, or 420 mg/kg/day. Dosing began when the rats were five weeks of age
! : T 4 (age range: 31-40 days). The animals were observed daily for subacute toxic
0 | 0 . ,(_; effects and mortality. Body weight and food and water consumption were
,g measured weekly. Monrtality, overt toxicity, and treatment-related effects on
: 0 0 ! H water or food consurnption were not observed. Nonsignificant decreases in body ~
, . ) . % weight gain were measured in males (5.3%) and females (8.0%) at the highest
X dose of 420 mg/kg/day. After the 14-day study had been completed, the |.4-
z 0 o o 8 dithiane was found to be contaminated with 0.2% methylene chloride, a known
‘§ animal carcinogen. No gross pathologic, histelogic, clinical chemistry, or
: ° ° ’ % hematologic evaluations were performed.
0 0 0 0 t
; 2. Longer-term Exposure
I 0 0 ¢ ™
N : a. 13-Week Studies
A
! ° 0 : Only one 90-day study of |4-dithiane toxicity was found. Schieferstein
) 0 | . (1987) conducted a subchronic oral toxicity study of [.4-dithiane in male and
female CD rats. At the start of the study, the animals ranged in age from 31 to
0 ) 9 40 days. Groups of rats (30 rats/sex/dose) were gavaged dailv for 90 days with
| . , \ ! 4-dithiane suspended in sesame oil at 0, 105, 210, or 420 mg/kg/day. Rats
were weighed on the first day of the dosing period and each succeeding week,
e and doses were adjusted accordingly. All dosing solutions were within +5% of
the target concentration. Routine observations of the animals were made twice
per day.
'y -
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Tabie 4. Incidence of Abnormalities Following Oral Gavage with 1.4-
Dithiane at Necropsy of Rats Found Dead Prior to Sacrifice™?

Dose Level tmyhud

Organ  Abrormality 2813 3is2 ) 848 D

4% i H) aMoaF

Dark o1 whire colered stomach contents 1 i z 4 2
Dfluse red or dark red discolorations of lungs 1 1 o} 2 4
Muluple black or red discolorations af glandular 1 1 Q 4 1

slomach

Red. dark. or white fluid‘maienal o intestnal tract 1 t 1 k) 2
Yellow fluid discolorarron around mouth 0 0 | 3 2
Diffuse red discolomnwons of intesnines 2 ' 0 0 2
Pale or an discolorations of liver 3 0 [ 0 1
Black discolored fur around recium bl \ i © o
| Saliva around maurth o 0 0 | 0

“Oral gavage of s (S/sex/dose) with 1,4-dithiane in com o1l at 1,178 (females), 2.818, 3,162, 1,548 (males), and 3,981 myy
Mo monality observed at 1,178 mg/kg dosc. one high-dose female that survived Lo terminal sacnfice (14 days) had a soliary red cysi
on the left ovary. other surviving anumals mt all doses had nc reported abnormalities

SOURCE  Adapled from Mavhew and Muni (1986}

All surviving animals were terminally sacrificed at 90 days and subjected
to a complete necropsy. All high-dose and control animals received detailed
histopathology. When an animal was removed from the study before terminal
sacrifice (e.g., due to death or moribund condition), only its nose was examined
histologically. Liver. thymus, spleen, and brain were weighed at terminal
sacrifice.  An ophthalmologic examination was conducted before the start of
dosing and during week [2 of dosing. The activities of serum aspartate amino-
transferase, alanine aminotransferase, serum sorbitol dehydrogenase, amylase, and
lactic acid dehydrogenase isoenzymes as well as a complete blood count with
leukocyte differential and reticulocyte count were performed on six animals per
sex in the treatment and control groups on the day before dosing began and on
days 30, 60, and 90 of the study period. Seven animals died before the 90-day
sacrifice and were excluded from statistical analyses. Their deaths were not
considered to be treatment related. The cause of death in six of the seven
animals was attributed to gavage accident. The cause of death of the seventh
animal (a male dosed at 420 mg/kg/day for 7 days) was not reported. Aniso-
tropic crystals were found in the nasal olfactory mucosa of the seventh animal.

No overt toxicity, treatment-related monrtality, or ophthalmologic changes
were reported in any of the animals. No significant treatment-related changes
occurred in body weight and in food and water consumption. There was.
however, a significant {p <0.035) treatment-related increase in female liver. male

kidney, and male thymus -
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kidney, and male thymus weights as well as a decrease in female brain weight.
The female liver to body weight ratio of high-dose (420 mg/kg/day) rats was
significantly higher (p <0.05) than the control ratio. When compared (p <0.05)
with control organ weights, female brain weight was significantly less, female
spleen was significantly greater, and male kidney and spleen were significantly
greater but only in animals receiving the lowest dose (105 mg/kg/day). Based
on these data and evidence of anatomical changes in only female liver and male
kidney (described in subsequent paragraphs), the author {Schieferstein, 1987)
considered the effects on female liver and kidney weights to be the most
important of the organ weight changes.

Morphologic lesions in the nose. liver (females only), and kidney (males
only) were observed in animals administered 420 mg | 4-dithiane/kg/day. Nasal
lesions were found in all treatment groups (Table 5). The most prominent
pathological finding was bilateral deposition of anisotropic crystals of an
undetermined chemical composition in the nasal olfactory mucosa (turbinates and
nasal septum) of both sexes at all doses, but severity was greatest in the
intermediate- and high-dose groups. Schieferstein (1987) presumed that the
crystals were not comprised of the test chemical because 1.4-dithiane, which is
readily soluble in alcohol, would have dissolved in the increasing concentrations
of ethanol used to prepare slides for histopathologic examination. Crystals were
observed in 2 of 30 males at the 105 mg/kg/day dose and in all males (28/28)
at both the 210 mg/kg/day and 420 mg/kg/day dose levels. Crystals were
observed in 24 of 29 females at the 105 mg/kg/day dose and in all females
(30/30) at both the 210 mg/kg/day and 420 mg/kg/day dose levels. No crystals
were evident in control animals. The severity of the lesions was measured by
the number of crystals, which varied widely in size and shape, and degree of
inflammation. [t was assumed that the presence of the crystals in the mucosa
caused a granulomatous inflammatory reaction, characterized by phagocytosis.
Lesions were most severe in the posterior portion of the nasal cavity, and in
some instances, crystals had penetrated the olfactory epithelium into the nasal
cavity. Crystals were not observed in nasal respiratory epithelial mucosa.
Crystals that were closely associated with bone and cartilage, induced in some
cases, focal osseous and cartilaginous inflammation and degeneration. Crystals
were observed in the kidneys in one animal that also had chronic cystitis and
chronic active inflammation of the kidnevs.

Liver lesions were observed only in high-dose (420 mg’kg/day) females,
Hypertrophy of the centrilobutar hepatocytes, which caused a minimal amount
of distortion of lobular architecture, was found in 26 of 30 females in this group.
Cytoplasmic vacuolation of hepatocytes in the periportal region of the lobules
was seen in 7 of the 30 high-dose females.

-
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Table 5. Incidence of Lesions in CD Rats Dosed by Oral Gavage
for 90 Days with 1,4-Dithiane?

Dose Level ime hy dav)

Lesion Sex 0 104 1] 420
Nasal crvsials 5 o2t 210 28728 2823
F 030 1428 1030 10730

Hs pertrophy of centnlobular
hepatocyies F o310 a3 010 2630

Cvieplasmic vacuohzation eof

hepalocyies F 030 o9 a0 10

Eossnophilic cytoplasmic
renal granules M 028 [ualv 028 24/28

“Lesions in animals surviving to terminal sacrifice
"Number of animals with lesion over number of animals in dose group a terminal sacnifice

SOURCE  Adapicd from Schieferstein (1987). Scniglerstein vr al {19BB)

A morphologic kidney change was observed in high-dose (420 mg/kg/day)
males. Cytoplasmic alteration, characterized by multiple eosinophilic granules
or droplets of varying size in the cytoplasm of the renal convoluted tubules, was
observed in 26 of 28 males in the high-dose group. The distal convoluted
tubules appeared to be the most severely affected.

Although some treatment-related hematological and clinical chemistry
changes appeared to have significant (p <0.05) dose-response relationships, the
differences between dosed and control values were not significant. A significant
treatment-related decrease (p <0.05; linear trend analysis) was measured in the
female reticulocyte count, but there was no difference for this hematologic
indicator between dosed and control animals. Significant (p <0.03; linear trend
analysis) treatment-related decreases were found in female amylase and sorbitol
dehydrogenase, in male lactate dehydrogenase isoenzyme 3, and in lactate
dehvdrogenase isoenzymes 1 and 5 of both sexes. However, there were no
significant differences between the dosed and control animals for these enzymes
at any dose (except amylase in low-dose rats on day 30) or at any collection
period. Schieferstein (1987) submitted that a variety of logistical factors, such
as removal to different quarters before sacrifice. as well as the possibie effect of
aging on the animals might account for the treaiment-related decreases. The
gavage study of Schieferstein (1987) suggests a LOAEL of 105 mg/kg/day, the
lowest dose tested for 1,4-dithiane in rats.

b Lifetime Studies

No chronic or lifetime toxicity studies using [.4-dithiane were found.

3. Reproductive Effects
No studies on the repro
4. Developmenral Toxicit:
No studies on the devet
5. Carcinogenicity
No studies on the carci:
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3. Reproductive Effects

No studies on the reproductive effects of 1,4-dithiane were found.

4. Developmental Toxicity

No studies on the developmental effects of | d4-dithiane were found.
5. Carcinogenicity

No studies on the carcinogenicity of 1,4-dithiane were found.

6. Genotoxicity

The mutagenic potential of |.4-dithiane was evaluated using the Ames
Saimonella/Mammalian  Microsome Mutagenicity Assay; [4-dithiane was
nonmutagenic {Sano and Korte, 1985). No other mutagenicity studies with 1,4-
dithiane were found.

Using the Ames assay, Salmonella Hphimurium strains TA98, TA100,
TA1535, TAI537, and TA1538 were exposed to |,4-dithiane over a 1,000-fold
range of concentrations (5, 1, 0.2, 0.04, 0.008, 0.0016 mg/plate) in the presence
and absence of exogenous 59 metabolic activation (Sano and Korte, 1985). The
dose levels represent a concentration range that decreases from the minimum
toxic level (the maximum or limit dose) by a dilution factor of five. The
mammalian metabolic activator (S9), which was derived from Aroclor 1254
induced rat liver, was applied to increase the sensitivity of the assay by
simulating in vive metabolic activation of the test compound. A range-finding
toxicity test was used to determine the maximum limit and sublethal
concentrations of !4-dithiane. The responsiveness of the tester strains was
confirmed using four known mutagens as positive controls. Sano and Korte
(1985) determined from these tests that in the Ames assay, 1,4-dithiane was not
mutagenic with and without metabolic activation.

VI. Quantification of Toxicological Effects

No studies on the health effects of |.4-dithiane in humans were reported.

Based on an acute toxicity study of 1d4-dithiane in Fischer 344 rats,
Mayhew and Muni (1986) reported oral LD, values of 3,680 mg/kg for males
and 2,768 mg/ke for females. Rats (5 rats/sex/dose) were gavaged with a single
dose of 1.4-dithiane in comn oil at doses ranging from 1,778 to 3,981 mg/kg.
Mortality was greater in females than in males. Deaths occurred in males at or
above 3.548 mekg and in femmales at or above 2818 mg/kg. The most
frequently reported clinical signs of 1,4-dithiane toxicity were ataxia (all animals
at all doses), lacrimation, crusty eve. lethargy, and crusty nose in both males and




214 MUNITIONS 11

females. Necropsy of animals that died before terminal sacrifice (day 14)
revealed gastrointestinal, lung, and liver (females only} abnormalities
characterized by discolorations of these organs and their contents. A solitary
ovarian cyst was reported in one high-dose female that survived to terminal
sacrifice. No other abnormalities were reported on necropsy in any other animals
that survived to terminal sacrifice.

in a subacuie, 14-day range-finding pavage study of CD rats administered
I 4-dithiane in sesame oil (0, 25, 50, 100, 210, or 420 mg/kg/day), Schieferstein
(1987) found no monrtality, overt toxicity, or treatment-related effects on water
or food consumption. The purpose of the study was to identify a maximum
tolerated dose for a 90-day toxicological study. A nonsignificant (p <0.05)
decrease in body weight gain in both sexes was evidenced at the highest dose
(420 mg/kg/day). No gross pathologic, histologic, clinical chemistry,
hematologic, or ophthalmologic examinations were performed.

A subchronic. 90-day oral gavage study of CD rats that were administered
0, 105, 210, or 420 mg/kg/day (30/sex/dose) showed morphologic lesions in the
nose, liver (females only), and kidney (males only) as well as significant (p
<0.05) changes in some organ weights (Schieferstein, 1987; Schieferstein er al.,
1988). No overt toxicity, enzyme and hematologic effects, treatment-related
mortality, and ophthalmologic changes were found. The occurrence of
anisotropic crystals, with associated tissue necrosis and inflammation, in the
nasal olfactory mucosa of both sexes at all doses was the most prominent
finding. Liver and kidney lesions occurred only at the highest dose. Female
spleen weight was greater, female brain was less. and male kidney and spleen
weights were greater than control organ weights at the 105 mg/kg/day dose. In
addition, significant treatment-related increases in the weight of female liver and
male kidney and thymus as well as a decrease in female brain weight were
observed. However, based on morphological evaluations, the increased liver and
kidney weights were regarded as the most important of the organ weight
changes.

In the Ames SalmonellaiMammalian Microsome Mutagenicity Assay, Sano
and Korte (1985) determined that 1.4-dithiane was not mutagenic in the presence
and absence of metabolic activation.

A. One-day Health Advisory

Short-term studies of [, 4-dithiane were judged to be unsuitable for deriving
a One-day Health Advisory (HA) value. Neither the LD, study in Fischer 344
rats {Mayhew and Muni, 1986) nor the subacute study of l.4-dithiane toxicity
in CD rats {Schieferstein, 1987) established dose-response relationships for i,4-
di[h_iane toxicity. These studies were carried out primarily to establish LD,
values and as a range-finding study to determine the maximum tolerated dose for
a 90-day subchronic study. It was not possible to establish a NOAEL or
LOAEL for cither of these studies. The Longer-term HA value for a 10 kg
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child, 0.4 mg/L (400 ug/L), is used as a conservalive estimate for the One-day
HA value.

B. Ten-day Health Advisory

The available data were considered to be unsuitable for determining the
Ten-day HA value for I1,4-dithiane. The Schieferstein (1987) 14-day range
finding study did not establish a dose-response relationship for determining a
NOAEL or LOAEL. No mortality or overt toxicity, and no significant treatment-
related effects on body weight and water and food consumption were observed
in CD rats (six rats/sex/dose) administered 1,4-dithiane in sesame oil by oral
gavage daily at 0, 25, 50, 100, 210, and 420 mg/kg/day dose levels. The rats
were not examined for potential gross, pathologic, histologic, clinical chemistry,
hematologic, or ophthalmologic effects. The Longer-term HA value for a 10 kg
child, 0.4 mg/L (400 pg/L), is used as a conservative estimate for the Ten-day
HA value,

C. Longer-term Health Advisory

The LOAEL of 105 mg/kg/day is used in the derivation of the Longer-term
HA. 1Itis based on the 90-day gavage rat study (Schieferstein, 1987), which is
the only study of appropriate length that was found. Morphologic lesions in the
nose, liver (females only), and kidney (males only) as well as occasional changes
in the weights of female liver and brain, and male kidney and thymus were
observed. Nasal lesions were observed in both sexes of all treatment groups
(105, 210, and 420 mg/kg/day). Even at the lowest dose, 83% (24/29) of the
females and 7% (2/30) of the males developed nasal lesions. Also at the 105
mg/kg/day dose, female spleen weight was greater, female brain was less, and
male kidney and spleen weights were greater than organ weights in control
animals {(p <0.05). However, based on the morphological evaluations, the
authors regarded the increased liver and kidney weights to be the more important
effects. A significant (p <0.05) decrease from control values in female amylase
was shown at the 105 mg/kg/day dose, 30-day collection period. However,
Schieferstein (1987) considered the biological significance of this finding unclear
because the amylase assay could not distinguish between salivary and pancreatic
amylase, and no abnormalities were evidenced from pathologic examination in
either the pancreas or salivary glands. Liver and kidney lesions were reported
only at the highest dose.

The Longer-term HA for a 10 kg child is calculated as follows:

_ (105 mg/kg/day) (10 kg)
Lo -1 HA - =035 m rounded to 04 m )
nger-term (1000) (%) (1 Ljday) oS oL

"
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where:

105 mg/kg/day

10 kg =

I

| L/day

1,000 =

The Longer-term

LOAEL. based on morphologtc evidence in rats of nasal lesions at this and
higher doses (Schieferstein 1987; Schieferstein er a/. 1988)

assumed weight of a child.
assumed water consumption of a 10 kg child

uncertainty factor {(UF), chosen in accordance with NAS/EPA guidelines.
This UF includes a factor of 10 for intraspecies variability, a factor of 10
for interspecies variability, and a factor of 10 for use of a LOAEL in the
absence of a NOAEL.

additional uncertainty factor based on the high incidence of nasal olfactory
lesions in fernale rats (24/29), database deficiencies {e.g., lack of reproduc-
tive and developmental toxicity studies, and studies with other species),
and a consideration for exposure duration.

HA for a 70 kg adult is calculated as follows:

Longer-term Ha = (105 mefke/day) O kg) _ ) 594 on, (rounded to 1.0 mg/L)

where:

105 mg/kg/day

70 kg =
2 Liday =

1.000 =

{1,000) (3) (2 Lday)

LOAEL, based on morphologic evidence in rats of nasal lesions at this and
higher doses (Schieferstein, 1987, Schieferstein e af, 1988).

assumed weight of an adult.
assumed water consumption of a 70 kg adult.

uncertainty factor (UF), chosen in accordance with NAS/EPA guidelines.
This UF includes a factor of 10 for intraspecies variability. a factor of 10
for interspecies variability, and 2 factor of [0 for use of a LOAEL in the
absence of a NOAEL

additional uncenainty factor based on the high incidence of nasal olfactory
lesions tn femafe rats (24/29), database deficiencies (e g, lack of reproduc-
tive and developmental toxicity studies, and studics with other species).
and a consideration for exposure duration

D. Lifetime Health Advisory

No acceptable long-term (chronic or lifetime) toxicity studies for 1.4-
Dithiane were found. Therefore, the 90-day gavage rat study discussed above
(Schieferstein, 1987) will be used to derive the Reference Dose {Rfd) for 1.4-

Dithiane.
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Morphological lesions in the nose, liver (females only} and kidneys (males
only), as well as occasional changes in the weights of female liver and brain, and
male kidney and thymus were observed. Nasal lesions were observed in both
sexes of all the treatment groups (105, 210, and 420 mg/kg/day). Even at the
lowest dose, 83% (24/29) of the females and 7% (2/30) of the males developed
nasal lesions. Also at the 105 mg/kg/day dose, female spleen weight was
greater, female brain weight was less, and male kidney and spleen weights were
greater than the organ weights of control animals (p<0.05). Liver and kidney
lesions were reported at the highest dose. Based on the morphological
evaluations, the authors regard the increase liver and kidney weights to be the
more important effects. A LOAEL of 105 mg/kg/day was reported based on
morpholegical evidence in rats of nasal lesions at this and higher doses
(Schieferstein, 1987; Schieferstein et al., 1988).

The Lifetime HA is derived as follows:

Step 1: Determination of the Reference Dose (RfD)

_ (105 m day) _ 0.0105 mgskg/day (rounded to 0.01 mg/kg/day}

(1,000)(10)

where:

105 mg/kp/day = LOAEL., based on morphologic evidence in rais of nasal lesions at
this and higher doses (Schieferstein, 1987, Schieferstein et al.,
1938).

1,000 = uncertainty factor (UF), chosen in accordance with NAS/EPA
guidelines. This UF includes a factor of 10 for intraspecics
variability, a factor of 10 for interspecies variability, and a factor of
10 for use of a LOAEL in the absence of a NOAEL.

10 = An additional Modifying Factor of [0 is applied to account for the

high incidence of nasal olfactory lesions in female rais (24/29).
database deficiencies (e g . lack of reproductive and developmental
toxicity studies. and studies with other species), and a consideration
for exposure duration.

Step 2: Determination of the Drinking Water Equivalent Level (DWEL)

DwEL - (001 me/kg/day) (70 k&) . 350 mpnl. (rounded to 0.4 mg/L)
(2 Lyday}




218 MUNITIONS 11

where

001 merke/day = RiD.

70 ke = assumed weight of an adull.
2 Liday =

assumed water consumption of a 70-kg adult.

Step 3: Determination of the Lifetime Health Advisory
Lifetime HA = (0.4 mgikg/day) (0.2) = 0.08 mg/L

where:

04 mg/l

DWEL.

assumed relative source contribution (20%) from drinking water.

E. Quantification of Carcinogenic Potential

No studies on the potential carcinogenicity of 1,4-dithiane were found.
Therefore, no estimation of excess cancer risk has been made. 1,4-Dithiane was
not mutagenic in Sa/monella assays with and without metabolic activation. Based
on the EPA classification scheme (U.S. EPA, 1986}, 1,4-Dithiane is classified in
U.S. EPA Group D; not classifiable as to human carcinogenicity.

Even though 1.4-dithiane is not ciassifiable as to human carcinogenicity, it
should be noted that it is found in the presence of mustard gas, which is
carcinogenic (U.S. EPA, 1991]). Inhalation of sulfur mustard has been associated
with lung cancers that developed in war veterans and factory workers who were
exposed to the agent during battlefield operations or factory production activities,
respectively. Sulfur mustard administered subcutaneously, intravenously, or by
inhalation exposure aiso produced lung adenomas in mice. It is a DNA
alkylating agent and therefore a strong genotoxic and mutagenic agent in
mammalian and nonmammalian test systems.

V1. Other Criteria, Guidance, and Standards

The American Conference of Governmental Industrial Hygienists and the
Occupational Safety and Health Administration have not determined a Threshold-
Limit-Value, Short-Term-Exposure-Limit or Permissible-Exposure-Limit for | 4-
dithtane. A thorough literature search produced no information on existing
standards, criteria, or guidance on |,4-dithiane.

8
b1

5

5 Vi
i

u."

it Gas chromatography (.
¥ applied methods found in
ki magnetic resonance {NMR
B structure of 1.4-dithiane.

i D’Agostino and Prov.
| ionization detection (GC-F

indices for 22 chemical war
! mg) containing the chemic
: extracted by ultrasonic vib
grade chloroform. The chi
analyses were conducted or
flame ionization detector ¢
columns used for determin.
linked J&W 15 mx 032 w
DB-1 (100% dimethyl-pol:
-3 polysiloxane); (c) DB-

i polysiloxane]; and (d) (100"

2. A column at 50°C. Fnilowir
- i ternperature for the oo
to increase in temperature !
temperature (300°C for co:
X3 maintained for five minutes
linear velocity of 35 cmfse
retention indices (expressec
capillary columns were as t
DB-5, 1060.2 + 0.1; and D
D' Agostine et al. (198
spectrometry (GC/MS) und.
to detect and identify must.
products in aqueous samp!
column GC-FID. The aqu
capillary column GC-FID
mustard and other sulfur f
sulfur vesicant-related hydr
Thompson, et al. (198
| 4-dithiane prior to toxico.
and capillary columns. C:
; concentration of 1 mg/mL 1
sesame oil were prepared
injection volumes on packe
were | uL, and for head sp.
conditions are presented in




i EM AREAS, AND
'ONAL
" FOR SELECTED
AICALS

- were reviewed and summarized
1 Advisories (HAs). They were
< consideration for derivation of
ruman or animal research data to
"EL). Therefore, the available
~'Ds or HAs.

2 US. EPA and the U.S. Army
developing HAs, the U.S. EPA
‘mmendations for improving the
{ for HA development. The
rate (DEGDN), p-Chlorophenyl
S, PCPMSO, PCPMSO,) and
eficiencies and problem areas
ent analysis of the current data
. water, and a summary of the
or the development of a Heaith

DATA DEFICIENCIES, PROBLEM AREAS, AND
RECOMMENDATIONS FOR ADDITIONAL DATABASE
DEVELOPMENT FOR p-CHLOROPHENYL METHYL
SULFIDE, -SULFOXIDE, AND
-SULFONE (PCPMS, PCPMSO, AND PCPMSO,)
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and Welford C. Roberts, Ph.D.

[. General Information

p-Chlorophenyl methyl sulfide (PCPMS), p-chlorophenyl methyl sulfoxide
(PCPMSQ), and p-chlorophenyl methyl sutfone (PCPMSO,) are three distinct
chemical species with differences in appearance, boiling point, and other physical
properties. p-Chlorophenyl methyl sulfide appears as a colorless liquid at room
temperature, PCPMSQO as a waxlike solid, and PCPMSO, as a white crystatline
solid (Fairfield Chemical Co., 1985a-c). All three are combustible compounds,
decomposing upon combustion to release toxic and hazardous vapors. The
general physical and chemical properties of PCPMS (CAS No. 123-09-1).
PCPMSO (CAS No. 934-73-6), and PCPMSO 5 (CAS No. 98-57-1}), are presented
in Table 1.

All three compounds are intermediates in the manufacture of the herbicide
Planavin®, but they are also produced by other means. p-Chlorophenyl methyl
sulfide is synthesized via two processes: (1) methylation of the p-chloro-
benzenethiol with either chloromethane or dimethyt sulfate in the presence of
alkali; and (2) pyrolysis of S-p-chlorophenyl-O-methyl dithiocarbonate.  p-
Chlorophenyl methyl sulfoxide is found in trace amounts in PCPMSO,. It arises
from incomplete oxidation of the sulfide with hydrogen peroxide. It can be
manufactured by a variety of methods; however, industrial production utilizes a
mixture of oxygen and nitrogen dioxide in the oxidation process. The PCPMSO
analog can be produced in the environment via oxidaiion of PCPMS in air
following discharge of the sulfide (Miller er of., 1976). The PCPMSO, analog
can be synthesized via vigorous oxidation of either PCPMS or PCPMSO:
however. oxidation of PCPMS is 30 times faster than oxidation of PCPMSO.
The PCPMSO, also can be made trom chioroaniline via substitution of the
amino group with sultur dioxide followed by methylation. Friedel-Crafts

acvlation of chlorobenzene with methanesulfonyl chloride followed by
recrystallization can also be used. Only a few domestic companies produce these
three chemicais (Table 2).
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Table 1. Chemical and Physical Properties of p-Chlorophenyl Methyl Sulfide,
-Sulfoxide, -Sulfone (PCPMS, PCPMSO, and PCPMSO,)

Preperty Sulfide Suifoude Sulfone Reference

CAS Na 123091 914.73 4 98.57.7 Miller e
ol {1976}

Synonyms p-Chlero-thioanisole.4- 4-Chlorophenyl sulfexide. +-Chloropheny | meths1 Sax (1984)

sulfone. methyi-4-chlo-
rophenyl sulfone

chlorothicanisole,
methyl-p<hloropheny |
sulfide, methyl-4<hlo-
ro-phenyl sulfide

msthyl-t-chloropheny!
sulfoxide, methyl-4.
chlorophenyi sulfoxide

Empincal formuls C;H,CIS C.H,CIS0 C,H,C150, Sax (1984)
M

Srucrure CHy CHy CHy Miller e

al {1978)
5 s= g 0—=5—0o
Cl &l o

Molecular weight 158 6% 174 6% 190 6% Miller ef
al (1976)

Melling point 17-19°C 3748°C 92-99°C Miller er
al (1978},
Fuirfield
Chemical
(19835a-c)

Boiling poimt 220-224°C — — —

fat 760 mm}

Density 1 202 gimL (a1 49°C) —_ —_ hMiller er
uof (19761

Solub:liry Fairfield

water, mgL Insoluble [nsoluble Insoluble Chemical

(19BSa<)

Conversion factons
(n an
I ppm =738 mg,.'ml

ppm (vivd 10 1 ppm x65 mg,’n-n1 | ppm =T | mg.'rn1

mg/m’ (20°C)
1 mg,’m‘ = 0 14 ppm | mg,‘mI =0 1)ppm

mg;m‘ e ppm | mg,-m1 =015 ppm

{v/v)

II. Occurrence and Sources of Exposure

Information concerning occupational and environmental exposure is limited.
Occupational  exposure  to  p-chlorophenyl methyl suifide (PCPMS),
p>chloropheny! methyi sulfoxide (PCPMSO), and p-chloropheny! methy! sulfone
(PCPMSO0,) may occur during manufacturing and munitions incorporation. The
wastewalers could contaminate groundwater, soil used for agriculture, and public
drinking water supplies. However, quantitative data are not available.

Table 2 Man
S

Analeg Aanulasian

Sullide Amerncan T
Lancaster 5.
Farfield Che
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Aldnch Che-

Sulfexide Fairfieie Che

Sulfone Chem Semuce
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blood levels for all three analogs peaked at about 24 hours. Excretion was
primarily in the urine with constant amounts excreted daily for 7 days.
Elimination from the biood appeared to follow zero-order kinetics indicating
saturability for all three analogs. Although PCPMSO cleared more slowly from
the blood than PCPMS or PCPMS,, there were no significant differences
reported for the blood levels of the different analogs. Recovery of radioactivity
in 7 days was somewhat less with the sulfide (26%) than with the sulfoxide
{50%) or sulfone (42%). Elimination in feces was less than 5% of the total dose
administered for all analogs.

V. Health Effects

A. Humans

No studies on the heaith effects of p-chlorophenyl methyl sulfide (PCPMS),
-sulfoxide (PCPMSO), and -sulfone (PCPMSO,} in humans were found.

B. Animals

1. Short-term Exposure
a  Acute
1) PCPMS

In an acute, oral toxicity study, Thake er al. (1979) gavaged Fischer 344
rats with a single dose of PCPMS dissolved in com oil and observed the animals
twice daily for mortality and toxic symptoms. Ten rats/sex/dose. excepl two
female dose groups, each with 20 rats, were treated with the compound. Ten
rats/sex served as controls. The dose levels, which ranged from 398 to 708 mg/
kg in males and 355 to 794 mg/kg in females, had been established to cover a
range of 0-100% mortality. At all treatment leveis in both sexes, there was an
immediate decrease in locomotor activity. At the higher doses. this was followed
by a loss of coordination, prostration, loss of consciousness, severe lacrimation,
labored respiration, and death. The investigators indicated that dehydration and
starvation in prostrate animals may have contributed to the deaths of treated
animals, although death occurred within 4 hours in some rats at the highest dose.
No toxicity or mortality was observed in controls. Table 3 presents the LDg,s
for PCPMS, which were higher for males {619 mg/kg) than for females (479
mg/kg).

In a similar, acute gavage study with B,C3F, mice (10/sex/dose, except one
male treatment group with 20 mice), Thake ef al. (1979) administered PCPMS
dissolved in corn oil and observed the mice twice daily for mortality and toxic
symptoms. The dose levels, established o0 induce 0-100% mortality, ranged

. L L e
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from 501 to 1,122 mg/kg in males and 631 to 1,000 mg/kg in females. Ten-
mice/sex served as controls. At all treatment levels in both sexes, there was an

immediate decrease in locomotor activity. At the higher doses, this was followed
by a loss of coordination, prostration, loss of consciousness, severe lacrimation,
labored respiration, and death. The investigators indicated that dehydration and
starvation in prostrate animals may have contributed to the deaths of treated
animals, although death occurred within hours in some mice at the highest dose.
No toxicity or mortality was observed in controls. The LDys for PCPMS were
higher for males (877 mg/kg) than for males (672 mg/kg) (Table 3).

Table 3. Acute Oral LDgy Values for p-Chlorophenyl Methyl Sulfide,
-Sulfoxide, -Sulfone (PCPMS, PCPMSO. and PCPMSO,)

LDy (ma/kg)

Effecs

Chemical Species/Stram
Male
PCPMS Mouse/B,C\F, 877
RavFla4 619
PCPMSO Mouse/B C4F, 328
RaFid4 &1l
PCPMS0; Mouse/B,C\F, 600
Rat/Fl44 29

Female

672

479

440

461

406

400

Toxic signs included an
immediate decrease in
locometor activily, prostration.
lgss of consciousress. labored
respifavon, and death  Severe
facnmanion was chanctensc
of anamals treatcd with sulfide
and sulfoxide analogs

SQURCE Adapied from Thake er al. (1979}

In an acute dermal toxicity study, Thake er al. (1979) applied gauze
sponges with PCPMS in acetone to the shaved backs of Fischer 344 rats
(2/sex/dose) for 24 hours and observed the animals daily for 14 days. The dose
levels were (, 1,000, 2,190, or 5,630 mg/kg. All animals at the highest dose
died within 24 hours following removal of the gauze. Also, at the highest dose.
locomotor activity immediately decreased, followed by a loss of coordination,

prostration, severe tacrimation, diarrhea,

foss

of consciousness, labored

respiration, and death. Similar, but less severe, toxic symptoms occurred in the
2,190 mg/kg treatment group and were noted for 7 days. Rats in the 1,000
mg/kg group showed decreased locomotion for approximately 24 hours following

removal of the gauze.

2)  PCPMSO

In an acute, oral toxicity study, Thake er al. (1979) gavaged Fischer 344
rats {10/sex/dose, except two male dose groups with 20 rats) with PCPMSO
dissolved in corn oil and observed the animals twice daily for montality and toxic
symptoms. The dose levels, which ranged from 398 to 794 mgskg in males and
316 10 631 mgkg in females, had been established to produce 0-100% mortality.
Ten rats/sex served as controls. The results were the same as those for PCPMS.
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The LDgys for PCPMSO were higher for males (611 mg‘kg) than for females
(463 mg/kg) (Table 3).

In a similar, acute gavage study with B,C;F, mice (10/sex/dose, except one
female treatment group with 20 mice), Thake er al. (1979} gave PCPMSO
dissolved in comn oil and observed the mice twice daily for mortality and toxic
symptoms. The dose levels, which had been established to produce 0-100%
mortality, ranged from 158 to 501 mg/kg in males and 23] to 63) mg/ke in
females. Ten mice/sex served as controls. The results were essentially the same
as those for PCPMS. The LDyys for PCPMSO were higher for females (440
mg/kg) than for males (328 mg/kg) (Table 3).

In an acute dermal toxicity study, Thake et al. (1979) applied gauze
sponges with PCPMSO in acetone to the shaved backs of Fischer 344 rats
(2/sex/dose) for 24 hours and observed the animals daily for 14 days. The dose
levels were 0, 1,000, 2,190, or 5,630 mg/kg. No deaths occurred with this
analog. However, at the highest dose, locomotor activity immediately decreased,
followed by a loss of coordination, prostration, severe lacrimation. diarrhea, loss
of consciousness, and labored respiration. A gradual recovery followed. Similar,
but less severe, toxic symptoms occurred in the 2,190 mg/kg treatment group,
but animals were normal within 24 hours following removal of the gauze.

3) PCPMSO,

In an acute, oral toxicity study, Thake er al. (1979) gavaged Fischer 344
rats (10/sex/dose, except one male and four female dose groups with 20 rats)
with PCPMSO , dissolved in corn oil and observed the animals twice daily for
mortality and toxic symptoms. The dose levels, which ranged from 464 to 708
mg/kg in males and 282 to 473 mg’ke in females. had been established to
produce 0-100% mortality. Ten rats/sex served as controls. At all treatment
levels in both sexes, there was an immediate decrease in locomotor activity.
This was followed, at the higher doses, with a loss of cocordination, prostration,
diarrhea, loss of consciousness, labored respiration, and death. The investigators
indicated that dehvdration and starvation in prostrate animals may have contri-
buted to the deaths of treated animals, although death occurred within 4 hours
in some rats at the highest dose. No toxicity or morality was observed in
controls. The LDggs for PCPMSO ; were higher for males (529 mg/kg) than for
females (400 mg/kg) (Table 3).

In a similar, acute gavage study with B C;F, mice (10/sex/dose, except one
female treatment group with 9 mice), Thake er ol (1979) administered
PCPMSO, dissolved in comn oil and observed the mice twice daily for mortality
and toxic symptoms. The dose levels, which had been established to produce 0-
tGG% mortatity, ranged from 362 to 794 mg/kg for both sexes. Ten mice/sex
served as controls. At all treatment levels in both sexes, there was an immediate
decrease in locomotor activity. This was followed at the higher doses with a
loss of coordination, prostration, loss of consciousness, diarrhea, labored
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respiration, and death. The investigators indicated that dehydration and
starvation in prostrate animals may have contributed to the deaths of treated
animals, although death occurred within hours in some mice at the highest dose.
No toxicity or mortality was observed in controls. The LDgys for PCPMSO,
were 600 mg/kg for males and 606 mg/kg for females (Table 3).

In an acute dermal toxicity study, Thake er al. (1979) applied gauze
sponges with PCPMSO , in acetone to the shaved backs of Fischer 344 rats
(2/sex/dose) for 24 hours and observed the animais daily for |4 days. The dose
levels were 0, 1,000, 2,190, or 5,630 mg/kg. No deaths and no toxic symptoms

occurred with this analog.

4) Comparison between PCPMS, PCPMSO, and PCPMSO,

Acute oral doses of PCPMS and PCPMSO were equally toxic to male and
female Fischer 344 rats and slightly less toxic than PCPMSO, to this strain
(Thake et al., 1979). However, the investigators reported that while PCPMS and
PCPMSO were readily soluble in corn oil, PCPMSO, was not, and, thus,
required higher wvehicle volumes, which could have enhanced compound
absorption. This effect, however, was not observed in similar experiments with
mice. Thake ef al. (1979) observed in B,C,F, mice that while oral PCPMSO,
was more toxic than PCPMS to male mice, PCPMSQO was far more lethal than
either PCPMSO, or PCPMS to both sexes. Thus, while PCPMSO, was slightly
more toxic than PCPMS or PCPMSO when administered orally in rats, mice
were more sensitive to the lethal effects of PCPMSO. Severe lacrimation was
observed in rats and mice given PCPMS or PCPMSO but not in PCPMSO,
treated animals.

The types of toxic symptoms observed in rats following oral exposure to
all three analogs were similar to those observed following dermal applications
of PCPMS or PCPMSO. Demmal application of PCPMS0,, however, had no
effect. The investigators did not indicate whether PCPMSO, had been absorbed

through the skin.
b, Primary Irritation, Dermal Sensitization, and Ophthalmologic Effects

Thake et al. (1979) conducted skin irritation studies of PCPMS, PCPMSO,
and PCPMSO, on 18 male and female New Zealand albino rabbits. Three
animals/sex/compound were treated with slurries or solutions of the compounds
at 50% (w/v) concentrations in comn oil according to the Modified Draize
Procedure. The animals’® skin was graded and evaluated at 24, 48, and 72 hours
post-treatment. The PCPMS analog did not produce irritation in any of the
treated rabbits. The PCPMSO, analog produced a mild irritation in one maie
and one female, and PCPMSO produced a mild irritation in two maies and two
females and a severe reaction in one female rabbit.
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Background document C, reference 12
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Chemical/Biological Agents and Compounds, Army Field Manual No. 3-9, Commandant, U S.
Army Chemical School, Fort McClellan, Ala., Dec.

See Preamble, Reference 18



Background Document C, Reference 13

ICF KE/Clement, 1991, Baseline Risk Assessment for Eight Selected Study Areas at Aberdeen
Proving Ground - Draft Document, prepared under Task Order No. 11, Remedial
Investigations/Feasibility Studies Contract Number DAAA15-88-D-0009 for the U.S. Army
Toxic and Hazardous Materials Agency by ICF Kaiser Engineers and Clement International
Corporation, Fairfax, Va., Jan.

See Background Document B, Reference 28



Background Document C, Reference 14

Kingery, A.F., and H.E. Allen, 1994, Environmental Fate of Alkyl Methylphosphonates Arising
Jfrom Chemical Surety Material (CSM) and Potential Non-CSM Sources in Soil and Aqueous
Media, Final Report, prepared for the U.S. Army Environmental Center under Contract No.
DAAIL03-86-D-0001 by the University of Delaware, Newark, Del., March.

See Background Document B, Reference 32



— K *"TA CHEMICA SCANDINAVICA 12 (1958 303—307

m this investig
ntel ® it appeay,

compound tg g
ng {from the hy

ons explaing th
14ry ammonigy

|, as the ethapg]
aternary ammqf
hexane no bapg

-
iy

ired spectrophotod
sughout the wopld
b}' ﬁl"&t recordmg;
sde and then the

ion of p-cresol in)
form, which wa@
swonated,
.butvlamine with
T two days. Th3
wlo1in 1vacUs, Ih 1
-lL‘-'l, Whlch cO
:nol-ether or be]
violer light i,
1 solution of tha)
l‘\ ""“*cem.ni Ly
Wi ocipitated!

1 the retrabu

1difies and matt

11, NCE: C 73T,
[

4ble or prepered
neans before oo

Determination of Rate Constants of Hydrolysis by a

i
pistribution Technique and its Application to isoPropoxy-

methyl-phosphoryl Chloride

LENNART LARSSON

Research Institute af National Defence, Dept, 1, Sundbyberg 4, Sweden

An improved formula ! for the determination of the distribution
constant of & compound rescting with one of the phasos according to
a first order reaction is given, Based on this formula & moethod for the
study of rapid hydrolysea is deacribed. The application of the method
is illustrated by the determination of the rato of the hydrolysis of
wopropoxy-methyl-phoaphoryl chloride, and ite relntionahip to that
of the corresponding fluorine dorivative (Sarin) is discussod.

' 'Iu an earlier paper! the author has deduced the following formula for
the caleulation of the distribution constant of a compound which reacts
with one of the phases according to & first order or a psoudo-first order

mm_q-_—___af_'_f___-f-o (1)
P g+ 1

Yeq

' T
-} where [Al, = concentration of unhydrolysed compound in the aqueous

phase;
= integration constant;
k = reaction rate constant of A in water;
= distribution constant of A between organic and aqueous

: phase;
UL t = time,
27 (1957) 95. .‘ v = phase volume.
s 4 = ! By plotting log [Al, agsinat ¢ a straight line ia obtained the slope of which,
1398, o L 0.4343 k 3
,. ¢ LBBE )
ber 5, 1957. , _t:_ k,+1

.12 £1958) Na.”

L
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Fig. 1. The reciprocal of the rate of the hydrolysia of 2-methoxy.othyl nicotinate sl
various ratios of xylene and water.

The application of the formule was illustrated by the determination of the
distribution constant of the ester 2-methoxy-ethyl nicotinate betwecen xyleng
and water. The rate constant of the hydrolysis was determined in & nepara. :
experiment. However, both the rate constant and the distribution constar
can be determined simultaneocusly from a series of experiments where the ratl
of the phase volumes are varied. If eqn. (2) is rearranged to

1 &y Vorg n 1 R
el T 04343k e 0.4343 &

it appears that a straight line is obtained when l/la} is plotted againgg
Tozftag. The rate constant, k, is thus obtained from the intercept of tHg
ordinate and the distribution constant, &,, from the slope of the line. This}
illustrated in Fig. 1 by the example given in the previous paper !. As showjt
in Table 1, £ and k, determined in this way agree well with earlier results.

Table I. The rato constant of the hydrolysis of 2-methoxy-ethyl nicotinats and 5%
distribution constant between xylene and water.

According to

eqn. (3) previous paper !

6.3 x 107 6.07 x 10

4.87 4.28

Acta Chem. Scand. 12 (1958 No'}
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" {.{ The problem can also be considered as a consecutive reaction t.e.:

R Forg ky

Aoﬂ-d\_—Aw"—+P

;;here P is & hydrolysis product. If this system is treated according to the

i_mproved steady-state approximation given by McDaniel and Smoot 3, and
‘-‘q/k“.' =1 k‘, t.hen
i In (Al = — bt

Yorx (1 o _Ll_)
© Vag (.k‘ " korg + 1

If kg )> &y which is the case in slow reactions, eqn. (4) is reduced to eqn.
--(1). In rapid reactions none of the constants can be neglected and we get,

‘analogounsly to eqn. (3)

+C (4)

-olhyll nicotinate at]

: 1 (k‘ 1) Vorg 1 =
mination of the § b Ta T 0.4343 \K + kg /Y + o133 k, (5)

S

between xyleng !
-1 in a separate
“iution constant
» vhero the ratiog

*" Obviously from this equation, k, can be determined, by plotting 1/ |a!
against Corg/Teq; k,, however, cannot bo determined, because it is not possible
. to estimate koq.

1 The distribution technique is particularly suitable for studies of rapid
hydrolysis. The diminished rato due to the inert phaso added pormits moasuro-

- (3) ments of reactions which in aqueous solutions run toce fast for accurate doter-
t * minations. The tochnique was therofore used in the determination of the rate
I Ly _ constant of the hydrolysis of isopropoxy-moethyl-phoshoryl chloride. The study
P ntted against’ . "of this hydrolysis forms part of an investigation of tho influence of the substi-
tercept of the tuents on the rate of hydrolysis of Sarin analogues3. [sopropoxy-methyl-
. aellme. This 18 . ‘phosphoryl chloride is assumed to hydrolyse according to a first-order reaction
er . As shown® . ‘when the pH is maintained constant, and egn. (6} is thus valid.
arlier results. T Ap
uiotinate aod its ¢ 5 7 EXPERIMENTAL

.\ Materiala: Isopropoxy-methyl-phosphoryl chloride waa s{nthﬁsizod by reacting
‘methyl-phosphoryl dichloride * with fsopropancl, and was freshly distilled beforo use.
B.p. 5I'C/4 mm Hg; ny 1.4275; d; 1.140.
a1 N Chloroform: E. Merck; anal. reagont.
T . . Procedurs; The rate of the hydrolysis of isopropoxy-methyl-phosphoryl chlorido dur-
T E + = Ing the distribution betwsen chloroform and a 0.100 M solution of potaasium chloride
2 - - waa studied st pH 7.00 and 25.0°C. The pH waa maintained constant by means of an
. - sutomatic recording titrator * which was standardized before each run against a (.05 M
—- : solution ofEmium hydrogen o-phthalate (pH 4.01}. A constant temperature, circulat-
' Ing water bath maintained the Jacketed reaction vessol at = 0.1°C or botter.
. A 0.80 m)M stock solution of the compound in dry chloroform was propared. Experi-
) menta were performed with four different mtics of the volumes of chloroform solution to
&queous sohution aa ghown in Table 2. The total volume of each sample was 40 ml.

12 (1958) No. 2 Acta Chene Scand. 12 (1958) No. 2
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The aqueous schition wes in advence adjusted to the desired pH. The addition of p
chloroform to the aqueous solution has no influence upon pH. Each set of experimeg
waa ropeated five timea. Some difficultiea arose in getting s suitable speed of the magnefi
stirrer. Too rapid stirring caused great fluctuationa of pH during the run owing to chjofg
form splashing over the electrodea and shielding them. On the other hand slow stirTng
did not permit equilibrium to be attained. With a few exceptions the varintions of pJy
during the runs were 4 0.1 or lees. The produects formed in the hydrolysia, hydrochlong
acid and isepropoxy-methyl-hydroxy-phosphine oxide, are assumed to ba completely 05
uble in the aqueous phase at the actual phF. The curves obtainad wero treated accordmf
to Guggenheim*. Straight lines were obtained the slopes of which wore calculateds
The straight lines indicate that no appreciable association did oceur in the chiorg
form phase .

RESULTS AND DISCUSSION

When 1/iai is plotted against w.,/v., for the hydrolysis of fsopropoXy
methyl-phosphoryl chloride in various ratios of chloroform and water 8
pH 7.00 a straight line is obtained as shown in Fig. 2. The equation of the
line was caleulated by the method of least squares with weighted valugl
(9:5:2:1). The intercept of the ordinate of the line was found to be (0.151 3

Acta Clhem. Scand. 12 (1053 NoW
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RATE CONSTANTS OF HYDROLYSIS klin

.-
0.041) x 10° which corresponds to a rate constant of the hydrolysis of (1.5 =
0.4) x 10°% sec.”. o

If it is assumed that the rate of the hydrolysis of tsopropoxy-methyl-
hosphory! chloride is proportional only to the hydroxyl ion concentration as
is valid for Sarin?, the bimolecular rate constant, k,, would be 1.2 x 10° 1
mole? sec”}, te. & X 10° times greater than that of the fluorine derivative
carin). Because of the greater clectronegativity of fluorine which makes the
phosphours atom more electron deficient and positive, the formation of the
P-OE bond is facilitated more in the fluorine than in the chlorine compound.
By using Pauling’s values of electronegativity of P, Cl and F a rough calcula-
tion according to Hannay and Smyth 7 shows that the P—F and P-—Cl bonds
are 43 and 17 9 ionic, respectively. If the difference in the ionic character
of the bonds is the rate determining factor, one would expect that the fluorine
compound would hydrolyvse more rapidly than the chlorine compound. The
considerably greater hydrolytic stability of the fluorine derivative may,
however, be ascribed principally to thoe higher bond enorgy of the P—TF bond,
120 keal/mole, in comparison with that of tho P—CI bond, 80 kecal/mole .

The author 18 indebted to Profossor G. Ljunggren, Director of this Institute, for the
kind interest he has shown in this work. The author wishas also to express his thanks to
Fillic. E.-E. Almin, Swedish Forcst Produets Resocarch Laboratory, for valuable dis-

cumions.
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LA 13-42-8 .
. CARBINOL HR:2

tw: 7212
0.852 @ 20%4°C, bp: 114 §e

\LCOHOL (DOTy  * -METHYL.
ZPORTS. Reported in EPA

. Flammable or Combustj.
:i: Flammable Liquid.

<. Moderately toxic by inges.
- Mildly toxic by inhalatiop,
immable when €xposed o
1 heated to decompositiog
- and fumes. '

S: 109-59-1
‘:THANOL
¥ 104.17

‘T * ETHYLENE GLYCOL

:THYLENE GLYCOL, MONOQISO- - 52%

DB@XYETHYL ISOPROPYL
‘. OLVE * ISOPROPYL
YOPYL ETHER of ETHYLENE

Jmmunity Right-To-Know
A TSCA Inventory.

'3 ppm
-3 ppm

Moderately toxic by skin 3
* neal routes. Mildly toxic, 48
niestion. When heated to {H
‘s acrid smoke and fumes. 28

30 108-21-4 HR: 2
TATE E
10215

nuatic liquid. Mp: —73%
el 7.8%, fp: —69.3% 48
1€ 20°720°, autoign temp: g
Pmm @ 17.0° d: 3.52. 8
«in ale, ether, fixed oils. g

¥
;

ROPYLE (FRENCH) * ACE- "k %8
R %
—

4
i

ACETIC ACID-1-

f

l METHYLETHYL ESTER (9Chi * 2-ACETOXYPROPANE

g £ FEMA No. 2926 * ISOPROPILE (ACETATO di (ITAL-

; IANI ¥ ISOPROPYLACETAAT (DUTCH) * [SO-
PROPYLACETAT (GERMAN} * [SOPROPYL 1ACE-

f {ATE d) (FRENCH) * 2.PROPYL ACETATE

CONSENSUS REPQRTS: Reported in EPA
TSCA Inventory.

'OSHA PEL: (Transitional: TWA 250 ppm)

I TWA 250 ppm; STEL 310 ppm

p ACGIH TLV: TWA 250 ppm; STEL 310 ppm
DFG MAK: 200 ppm (840 mg/m?)

¥DOT Classification: Flammable Liquid; Label:

Flammable Liquid.

& SAFETY PROFILE: Moderately toxic by inges-
“tion. Mildly toxic by inhalation. Human sys-
temic irritant effects by inhalation and systemic
feye effects by an unspecified route. Narcotic
Fin high concentration. Chronic exposure can
cause liver damage. Highly flammable liquid.
Dangerous fire hazard when exposed to heat,
dflame, or oxidizers. Moderately explosive when
exposed to heat or flame. Dangerous; keep away
from heat and open flame; can react vigorously
with oxidizing materials. To fight fire, use foam,
iCO,, dry chemical.

LR

-~

-
’,
e

"

iNJO0O CAS: 67-63-0 HR: 3

[SOPROPYL ALCOHOL

DOT: UN 1219
of: CyHO mw: 60.11

EROP: Clear, colorless liquid; slt odor, slily
pitter taste. Mp: —88.5 to —89.5°, bp: 82.5°,
xl 2.5%, vel: 12%, flash p: 53°F (CC), d:
0.7854 @ 20°4°, refr index: 1.377 @ 20°,
gap d: 2.07, ULC: 70. fp: —89.5° autoign temp:
B52°F. Misc with water, alc, ether, chloroform;
gnsol in salt solns.

BYNS: aLCOOL ISOPROPILICO (ITALIANY * AL-
00 ISOPROPYLIQUE (FRENCH)
_L * ISOHOL * [SOPROPANOL (DOT) * [SO-
o OPYLALKOHOL(GERMAN.) * LUTQOSOL * PE-
ROHOL. # PROPAN-2-OL * 2-PROPANOL
Y PROPANOL (GERMAN) % sec.PROPYL ALCOHOL
POT)  * . PROPYLALKOHOL (GERMAN} * SPEC.
TRAR
.ONSENSUS REPORTS. IARC Cancer Re-
yiew: GROUP 3 IMEMDT 7.229,87. The iso-
Propyl alcohol strong acid manufacturing pro-
eSS 15 on the Community Right-To-Know List.
FYA Genetic Toxicology Program. Reported
g EPA TSCA Inventory.

* DIMETHYLCARBI-

687 ISOPROPYL ALCOHOL

QOSHA PEL: (Transitional: TWA 400 ppm}
TWA 400 ppm; STEL 500 ppm

ACGIH TLV: TWA 400 ppm; STEL 500 ppm

DFG MAK: 400 ppm (980 mg/m?)

NIOSH REL: (lIsopropyl Alcohol) TWA 400
ppm: CL 800 ppm/15M

DQT Classification: Flammable Liquid; Label:
Flammable Liquid.

SAFETY PROFILE: Poison by ingestion and
subcutaneous routes. Moderately toxic to hu-
mans by an unspecified route. Moderately toxic
expertmentally by intravenous and intraperito-
neal routes. Mildly toxic by skin contact. Human
systemic effects by ingestion or inhalation:
flushing, puise rate decrease, blood pressure
lowering, anesthesia, narcosis, headache, dizzi-
ness, mental depression, hallucinations, dis-
torted perceptions, dyspnea, respiratory depres-
sion, nausea or vomiting, coma. Experimental
teratogenic and reproductive effects. Question-
able carcinogen. Mutation data reported. An
eye and skin irritant.

The single lethal dose for a human adult
is about 250 mL although as little as 100 mL
can be fatal. It can cause comeal burns and
eye damage. Acts as a local respiratory irritant
and in high concentration as a narcotic. It has
good warning properties because it causes a
mild irritation of the eyes, nose, and throat at
a concentration level of 400 ppm. It may induce
a mild narcosis, the effects of which are usually
transient, and it is somewhat less toxic than
the normal isomer, but twice as volatile.

There is some evidence that humans can
acquire a slight tolerance to this material. It is
absorbed by the skin, but single or repeated
applications on the skin of rats, rabbits, dogs,
or human beings induced no untoward effects.
It acts very much like ethanol in regard to ab-
sorption, metabolism, and elimination but with
a stronger narcotic action. Chronic injuries have
been detected in animals. Workers producing
isopropanol show an excess of sinus and laryn-
geal cancers. This may all or in part be due to
the by-product, isopropyl oil. Humans have in-
gested up to 20 mL diluted with water and no-
ticed only a sensation of heat and slight lowering
of the blood pressure. There are, however, re-
ports of serious illness from as littte as 10 mL
taken internally. A common air contaminant.

Flammable liquid. A very dangerous fire
hazard when exposed to heat, lame. or oxidiz-
ers. Moderately explosive when exposed 1o heat




ISOPROPYLAMINE

or flame. Reacts with air to form dangerous
peroxides. The presence of 2-butanone increases
the reaction rate for peroxide formation. Hydro-
gen peroxide sharply reduces the autoignition
temperawre. Violent explosive reaction when
heated with aluminum isopropoxide + crotonal-
dehyde + heat. Forms explosive mixtures with
trinitromethane, hydrogen peroxide (similar in
power and sensitivity to glyceryl nitrate}. Reacts
with bartum perchlorate 1o form the highly ex-
plosive propyl perchlorate. Ignites on contact
with dioxgenyl! tetrafluoroborate, chromium tri-
oxide, potassium tert-butoxide (after a delay}.
Reacts with oxygen to form dangerously unsta-
ble peroxides. Vigorous reaction with sodium
dichromate + sulfuric acid, aluminum (after a
delay period). Reacts violently with H, + Pd,
nitroform, oleum, COCl;, Al triisopropoxide,
oxidants. Can react vigorously with oxidizing
materials. To fight fire, use CQ,, dry chemical,
alcohol foam. When heated 10 decomposition
it emits acrid smoke and fumes.

INKOOO CAS: 75-31-0 HR: 3
ISOPROPYLAMINE

DOT: UN 1221

mf: C3;HgN mw: 59,13

PROP: Colorless liquid, amino odor. Mp:
—101.2°, flash p: —35°F (OQC), d: 0.694 @
15%4°, autoign temp: 756°F, d: 2.03, bp: 33-
34°, lel: 2.3%, uel: 10.4%; misc with H-0,
alc, ether.

SYNS: 2. AMINO.PROPAAN (DUTCH) * 2-AMINO.
PROPAN (GERMAMN) * 3.AMINOPROPANE * 2.
AMINO-PROPANO (ITALIAN) * [SOPROPILAMINA
(ITALIAN) * I-METHYLETHYLAMINE * MONOISO-
PROPYLAMINE * X.PROPANAMINE * sec.PROPYL-
AMINE * 2-PROPYLAMINE

CONSENSUS REPORTS: Reported in EPA
TSCA Inventory.

OSHA PEL: (Transitional: TWA S ppm) TWA
5 ppm; STEL 10 ppm

ACGIH TLV: TWA 5 ppm, STEL 10 ppm

DFG MAK: 5 ppm (12 mg/m’)

.DOT Classification: Flammable Liquid; Label;

Flammable Liquid.

SAFETY PROFILE: Poison by skin contact,
Moderately Loxic by ingestion and possibly ather
routes. Mildly toxic by inhalation. A severe
skin and eye imtamt. Occasionally contact
causes sensitization. Narcotic in high concentra-

tion. Very dangerous fire hazard and moderate
explosion hazard when exposed to sparks. heat,
flame or oxidizers. Can react vigorously with
oxidizing materials. Reacts with perchlory
fluonide 1o form an expiosive liquid. Incompat-
ble with 1-chloro-1,3-epoxypropane. To fight
fire, use alcohol foam, foam, CO., dry chemi.
cal. When heated to decomposition it emits toxic
fumes of NO,.

INX000
N-ISOPROPYL

’ :" mf: CQHI_",N
SYNS: e-avrnosy
ISOPROPYL.BENZENY
(¥  PROPYLANILINE *
k. METHYLETHYLIBEN.
CONSENSUS F
TSCA Inventory.

© QSHA PEL: TW.

INT00O CAS: 51-02-5 HR:3 ! : .

a-((ISOPROPYLAMINO)METHYL) | j ACGHH TLV. TW
NAPHTHALENEMETHANOL, | SAFETY PROFIL
HYDROCHLORIDE tion. When heate

¥ toxic fumes of Nt

ke Nvo00 (
B 4-ISOPROPYLA
f mf: CMH;BN'IO

#* QYNS: 1.2-DIMYDRC
o ETHYL)AMINO)-2-PHE!
¥ 4 ISOPROPYLANTIPY
. % 4ISOPROPYL-2,3.D
" LIN-S-ONE ¥ 150PRt
f- * LARODOM * 1L.p
& PYL-3-PYRAZOLIN-5-O;
Ji7 +ISOPROPYLPYRAZOL

CONSENSUS Rt
TSCA Inventory.

* SAFETY PROFILL
intraperitoneal rou
position it emits to

mf: C,sHgNO,* CIH mw: 265.81

SYNS: ALDERLIN HYDROCHLORIDE * ICI 38174

* LCY HYDROCHLORIDE * [NETOL * 2.I1SOPRO-
PYLAMINOG. I-(2-NAPHTHYL)ETHANOL HYDROCHLORIDE
*  a-t{(I-METHYLETHYL)AMINO)METHYL)-2-NAPHTHAL. 1§
ENEMETHANOL. HYDROCHLORIDE * NAPHTHYLISO-
PROTERENOL HYDROCHLORIDE * NETHALIDE HY- _
DROCHLORIDE * PRONETHALOL * PRONETHALOL ')
HYDROCHLORIDE '

CONSENSUS REPORTS: 1ARC Cancer Re-
view: GROUP 3 IMEMDT 7,56,87;, Animal
Limited Evidence IMEMDT 13,227 .77,

SAFETY PROFILE: A poison by intravenous
and intraperiteneal routes. Moderately toxic by
ingestion. Questionable carcinogen with experi-
mental tumorigenic data. When heated to de-
composition it emits very toxic fumes of NO,

and HCL.
 INZ00O CA
. 5-ISOPROPYL-1
INW00O CAS: 63710-43-0 HR: 3 mf: CpH,g  me

9-{(3-(ISOPROPYLAMINO)PROPYL)
AMINQ)-1-NITROACRIDINE DIHYDRO-
CHLORIDE

mf: C|9H22N402 *»2CiH

* SYN: s.1sorroPYLBI

SAFETY PROFIL

with experimental

% heated to decomp:
and fumes.

mw: 411,37

SYNS. N -METHYLETHYL)-N'-¢ L-NITRO-9- ACRIDI-
NYL)-1.3-PROPANEDIAMINE DIHYDROCHLORIDE

*  L.NITRO-9-(3-ISOPROPYLAMINGPROPY LAMINE)- ACRI-
DINE DIHYDROCHLORIDE %  |-NITRO-9-t3-ISOPROPYL.-
AMINOPROPYLAMINO). ACRIDINE DIHYDROCHLORIDE

CONSENSUS REPORTS: EPA Genetic Toxi-
cology Program.

SAFETY PROFILE: A poison by ingestion and
intravenous routes. Human mutation data re-
ported. When heated to decomposition it emits
very toxic fumes of NQ, and HCl.

108000 C

. ISOPROPYLBEN

. HYDROPEROXI
DOT: UN 2116

mf: Cquzoz I

PROP: Bp: 153°,

hydroperoxide of

SYNS: cumessHYD
* CUMENE HYDROPE




PHORBOL-12,13-DIDECANQATE

PGT250 CAS: 24928-17-4 HR: 2
PHORBOL-12,13-DIDECANOATE

mf: CupHssOg mw: 663.95
SYN: pop

SAFETY PROFILE: A skin imritant. Question-
able carcinogen with experimental tumorigenic
data. Mutation data reported. When heated to
decomposition it emits acrid smoke and irritating
fumes.

PGV000 CAS: 16561-29-8 HR: 3
PHORBOL MYRISTATE ACETATE

mf: C36H5608 mw: 616.92

SYNS PENTAHYDROXY -TIGLIADIENONE-MONCOACE-
TATE(CIMONOMYRISTATE(R) * PHORBOL ACETATE,
MYRISTATE #* PHORBOL MONOACETATE MONOMY-
RISTATE * PMA * 12TETRADECANOYLPHORBOL-
13-ACETATE ¥ |12-oTETRADEKANOYLPHORBOL-13-
ACETAT (GERMAN) ¥ TPA

CONSENSUS REPORTS: EPA Genetic Toxi-
cology Program.

SAFETY PROFILE: Deadly poison by intrave-
nous route. Experimental reproductive effects.
Human mutation data reported. A skin irritant.
Questionable carcinogen with experimental car-
cinogeni¢, neoplastigenic, and tumorigenic
data. When heated to decomposition it emits
acrid smoke and irritating fumes.

PGV500 CAS: 56937-68-9 HR: 1
PHORBOLOL MYRISTATE ACETATE
rmf: CJGHSSOS mw: 6i8.94

SYNS: PHORBOLOL ACETATE MYRISTATE
% TPA-3.0.0L

SAFETY PROFILE: A skin imtant. When
heated to decomposition it emits acrid smoke
and irritating fumes.

PGV750 CAS: 37415-55-7 HR: 3
PHORBOL-12-0-TIGLYL-13-BUTYRATE
mf: CagH Oy mw: 504.68

SYN: 12.0.TIGLYL-PHORBOL-13-BUTYRATE

SAFETY PROFILE: A skin irritant, Question-
able carcinogen with experimental tumorigenic

data. When heated to0 decomposition it emits )
acrid smoke and irritating fumes.

i
f

PGW250 CAS: 504-20-1 HR: 2.

PHORONE

mf: C,H,,0 mw: 138.23

944

PROP: Sotid or greenish liguid. Mp: 28°, flash
p: 185°F (OC), d: 0.879. vap press: | mm
42.0°. vap d: 4.8, bp: 198-199°. Sol in water,
alc, and ether.

SYNS: DUSOPROPYLIDENE ACETONE *  sym.DIIS0
PROPYLIDENE ACETONE ¥ 2.6-DIMETHYL.2.5.HEPT .
DIEN-4-ONE % PHORON (GERMAN)

CONSENSUS REPORTS: Reported in EPA
TSCA Inventory.

SAFETY PROFILE: Moderately toxic by subcu-
taneous route. Flammmable when exposed 1o heat
ot flame; can react with oxidizing materials.
To fight fire, use foam, CO,, dry chemical.
When heated to decomposition it emits acrid
smoke and irritating fumes.

PGW750
PHOSFOLAN
mf: C;H,4NO;PS, mw: 255.31

SYNS AC 47031 * AMERICAN CYANAMID 47031
* C.l 47031 * CYCLIC ETHYLENE(DIETHOXYPHOS-
PHINOTHIOYL)DITHIOIMIDOCARBONATE * CYCLIC
ETHYLENE P,P-DIETHYL PHOSPHONODITHIOIMIDO-
CARBONATE * CYLAN ¥ CYOLANE * CYO-
LANE INSECTICIDE * (DIETHOXYPHOSPHINYL)DI-
THIOIMIDOCARBONIC ACID CYCLIC ETHYLENE ESTER
* 2(DIETHOXYPHOSPHINYLIMINO)-1,3-DITHIOLANE
* PPDIETHYL CYCLIC ETHYLENE ESTER OF PHOS-
PHONODITHIOIMIDGCARBONIC ACID % E[ 47031

* ENT 25830 ¥ |2-ETHANEDITHIOL. CYCLIC
ESTER wtth P.P-DIETHYL PHOSPHONGDITHIOIMIDO-
CARBONATE * | 2-ETHANEDITHIOL. CYCLIC
S.5-ESTER with PHOSPHONODITHIOIMIDOCARBONIC
ACID P.P-DIETHYL ESTER

CAS: 947-02-4

CONSENSUS REPORTS: EPA Extremely

Hazardous Substances List. Reported in EPA
TSCA Inventory.

SAFETY PROFILE: Poison by ingestion and Y

skin contact. An insecticide used against leal~ - 38
When N
heated to decomposition it emits very [OXi¢ >

feeding larvae of cotton insect pests.

fumes of PO,. 50,, and NO,.

odor of new mown hay or green COm.

HR:3

Mp:
—118°, bp: 8.3°, d: 1.37 @ 20°, vap press &

1180 mm @ 20°,
water: very so[ in
comp sltly in wate

. .

;,l( SYNS: carvo~E o
L', 4 CARBONIO (0SSICL
3 BON OXYCHLORIDE
)

MAN ¥ CARRONNYL
%  CHLORIDE * DIPMOs
iy * FOSGEN (POLISID

Y ¥ KOOLSTOFOXYCHL(
B ¥ PHOSGEN (GERMAN
PO9s

A CONSENSUS RE
k. Hazardous Substanc
. To-Know List. Repx
i tory.

g OSHA PEL: TWA
B ACGIH TLV: TWA
M DFG MAK: 0.1 ppu
K NIOSH REL: TWA (
g DOT Classification

. Qas.
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PROP: Colorless, poison gas or volatile liquid: B mpylldeneamlno li

ated to decompositic

: Orsleam it will react tc
!

K
‘1




—

b liquid. Mp: 28°, flash
. vap press: | mm @
i3-199°. Sel in water,

. ACETONE ¥ sym-DIISC-
L 4-DIMETHYL.2 5-HEFTA.
o dMANY

"7S: Reported in EPA

Jerately toxic by subcu-
« when exposed to heat
th oxidizing materials.
1, CO,, dry chemical.
pusition # emits acrid
Nes.

37-02-4 HR: 3

1w 255.31

1"AN CYANAMID 47031
'Y LENE(DIETHOX YPHOS-
\RBONATE * CYCLIC
PHONODITHIOIMIDO-
CYOLANE * CYO-
‘i JOSPHINYL)DI-
" CL._ THYLENE ESTER
MINO)-1L3-DITHIOLANE
" ENE ESTER OF PHOS-
" ACID % EI 47031
DITHIOL., CYCLIC
. HONODITHIOIMIDO-
. ITHIOL, CYCLIC
JHTOIMIDOCARBONIC

°TS: EPA Extremely
-ist. Reported in EPA

»on by ingestion and
:de used against leaf-
1 msect pests. When
n 1t emils very toxic
NO,.

HR: 3

2.5 or volatile liquid:
or green com. Mp:
T ke, vap press:

?_-_,.H:_}.;_;,-, ¥

1180 mm @ 20°, vap d: 3.4. Very sltly sol in
water; very sol in benzene and acetic acid; de-
comp sltly in water.

SYNS: CARBONE (OXYCHLORURE de) (FRENCH)

* CARBONIO (OSSICLORURQ di) (ITALIAN) * CAR-
BON OXYCHLORIDE * CARBONYLCHLORID (GER-
MAN) * CARBONYL CHLORIDE * CHLOROFORMYL
CHLORIDE #* DIPHOSGENE # FOSGEEN (DUTCH)
* FOSGEN (POLISH) * FOSGENE (ITALIAN)

* KOOLSTOFOXYCHLORIDE (DUTCH} # NCI-C§0219
# PHOSGEN (GERMAN) * RCRA WASTE NUMBER
PO93

CONSENSUS REPORT3: EPA Exwemely

Hazardous Substances List. Community Right-

To-Know List. Reported in EPA TSCA Inven-

tory.

OSHA PEL: TWA 0.1 ppm

ACGIH TLV: TWA 0.1 ppm

DFG MAK: 0.1 ppm (0.4 mg/m?)

NIOSH REL: TWA 0.1 ppm; CL 0.2 ppm/15M

DOT Classification: Poison A; Label: Poison
Gas.

SAFETY PROFILE: A human poison by inhala-
tion. A severe eye, skin, and mucous membrane
irritant. In the presence of moisture, phosgene
decomposes to form hydrochloric acid and car-
bon monoxide. This occurs in the bronchioles
and alveoli of the lungs resulting in pulmonary
edema followed by bronchopneumonia and oc-
casionally lung abscess. There is little immedi-

. ate irritating effect upon the respiratory tract,

and the warning properties of the gas are there-
fore very slight. There may be no immediaie
warning that dangerous concentrations are being
inhaled. After a latent period of 2 to 24 hours,
the patient complains of burning in the throat
and chest, shortness of breath and increasing
dyspnea. Where the exposure has been severe,
the developmem of pulmonary edema may be
so rapid that the patient dies within 36 hours
after exposure. In cases where the exposure has
been less, pneumonia may develop several days
after the occurrence of the accident. In patients
who recover, no permanent residual disability
is thought to occur. A common air contaminant.

Under the appropriate conditions it under-
goes hazardous reactions with Al, tert-butyl
azido formate, 2,4-hexadiyn-1,6-diol, isopropy!
alcohol, K, Na, sodium azide, hexafluoroiso-
propylideneamino lithium, lithiom. When
heated 10 decomposition or on contact with water
or steam it will react to produce toxic and corro-

945

PHOSPHINE

sive fumes of Cl~. Caution: Arrangements
should be made for menitoring its use.

PGX500
PHOSPHATES

SAFETY PROFILE: Alkali metal phosphates
are strong caustics and therefore powerful irri-
tants. Superphosphate is Ca(H,PQ,4},/CaSQy.
Triple superphosphate contains P,O<. Both are
used as fertilizers. Organophosphates are often
highly toxic pesticides. For an example of or-
ganic phosphates, see PARATHION.

HR: 2

PGX750 HR: 3

PHOSPHIDES

PROP: A combination of a cation + elemental
phosphorus.

SAFETY PROFILE: Phosphides are particularly
dangerous because they tend to decompose to
the very toxic phosphine upon conmtact with
moisture or acids. Dangerous fire hazard by
chemical reaction, particularly with moisture.
Moderate explosion hazard. They react with wa-
ter, steam, acid, or acid fumes to produce toxic
and flammable phosphine gas. Can react vigor-
ously with oxidizing materials. Dangerous;
when heated to decomposition they may emit
highly toxic fumes of PO,.

PGY000 CAS: 7803-51-2
PHOSPHINE

DOT: UN 2199

mf: H,P mw: 34.00

PROP: Colorless gas; foul odor of decaying
fish. Mp: —132.5° bp: —87.5° d: 1.529 g/L
@ 0°, autoign temp: 212°F, lel: 1%. Slily sol
in water.

HR: 3

SYNS: CELPHOS * DELICIA * DETIA GAS EX-B
* FOSFOROWODOR (POLISHY * HYDROGEN PHOS-
PHIDE * PHOSPHORUS TRIHYDRIDE * PHOSPHOR-
WASSERSTOFF (GERMAN) * RCRA WASTE NUMBER
o%s

CONSENSUS REPORTS. EPA Extremely
Hazardous Substances List. Reported in EPA
TSCA Inventory.,

OSHA PEL: (Transitional: TWA 0.3 ppm)
TWA 0.3 ppm; STEL | ppm

ACGIH TLV: TWA 0.3 ppm; STEL | ppm

DFG MAK: 0.1 ppm (0.15 mg/m?)

DOT Classitication: Poison A; Label; Flamma-
ble Gas and Poisen Gas.




Background Document C, Reference 17

Lyman, W.J., et al., 1990, Handbook of Chemical Property Estimation Methods: Environmental
Behavior of Organic Compounds, American Chemical Society, Washington, D.C.

See Background Document B, Reference 36



Background Document C, Reference 18
Major, M. A., 1989, Octanol/Water Partition Coefficients of Surface and Ground Water

Contaminants Found at Military Installations, Technical Report 88-10, U.S. Army Medical
Bioengineering Research and Development Laboratory, Fort Detrick, Frederick, Md., Nov.

See Background Document B, Reference 38
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MEMORANDUM FOR RECORD

PERSONAL CCOMMUNICATION WITH: Dr. Michael A. Major, Chemist
U.S. Army Biomedical Research and
Development Laboratory
Fort Detrick, Frederick, MD

BY: David H. Rosenblatt, Argonne National Laboratory,
Argonne, Illinois

SUBJECT: Miscibility of DIMP (Diisopropyl Methylphosphonate) with
Water

DATE: 4 December 1990.
Responding to a request for information from the undersigned,
Dr. Major performed a quick room-temperature experiment, titrating

water with DIMP (with stirring). He reached the conclusion that
DIMP is infinitely soluble in water.

David H. Rosenblatt, Ph.D.
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« File Description

The Registry of Toxic Effects of Chemical Substances (RTECS) is a comprehensive database of
basic toxicity information for over 100,000 chemical substances including: prescription and
non-prescription drugs, food additives, pesticides, fungicides, herbicides, solvents, diluents,
chemical wastes, reaction products of chemical waste, and substances used in both industrial and
household situations. Reports of the toxic effects of each compound are cited. In addition to toxic
effects and general toxicology reviews, data on skin and/or eye irritation, mutation, reproductive
consequences and tumorigenicity are provided. Federal standards and regulations, NIOSH
recommended exposure limits and information on the activities of the EPA, NIOSH, NTP, and
OSHA regarding the substance are also included. The toxic effects are linked to literature citations
from both published and unpublished governmental reports, and published articles from the
scientific literature. The database corresponds to the print version of the Registry of Toxic Effects
of Chemical Substances, formerly known as the Toxic Substances List started in 1971, and is
prepared by the National Institute for Occupational Safety and Health (NIOSH).

Toxicity information appearing in RTECS is derived form reports of acute, chronic, lethal and
non-lethal effects of chemical substances. The reviewed information from the scientific literature
and published governmental reports plus unpublished test data from the EPA TSCA test
submissions database (TSCATS) are included in the file.
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o Reproductive Effects Data
o Standards and Regulations
o Toxicology Reviews

o Tumorigenic Effects Data

Sources

Toxicity information appearing in RTECS is derived from reports of acute, chronic, lethal and
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Set Items Description
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51 1 RN=53z2-27-4
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Display 1/9/1
DIALOG{R)File 336:RTECS
Comp & dist by NICSH, Intl Copyright All Rights Res. All rts. reserv.

006221 RTECS Number: AM6300000
Substance Name: Acetophenone, 2-chloro-
CAS Registry Number: 532-27-4 Molecular Fermula: C8H7C1O0
Molecular Weight: 154.60 Beilstein Registry Number: 507350
Beilstein Source Citation: 4-C7-00-00641
Synonyms: Chemical mace ; Chloracetophenone ; alpha-Chloroacetophenone ;
omega-Chlorocacetophenone ; 2-Chloroacetophenone ;
alpha-Chlorcacetophenone (ACGIH:0SHA} ; Chlceoroacetophenone, liguid ar
solid (DOT) ; Chloromethyl phenyl ketone ; 2-Chloro-l-phenylethanone ;
CN ; CN, liquid cor solid (POT) ; Ethancne, 2-chlc¢re-l-phenyl- ; Mace
{lacrimator) ; NCI-C55107 ; Phenacyl chloride (CSHA) ;
Phenylchloromethylketone ; UN1697 (DOT)
Compound Class: Tumorigen; Mutagen; Human Data; Primary Irritant
Wiswesser Line Notation: G1lVR
Record Date: 9704
IRRITATICN DATA:
Skin Rat 12 %/oH open Moderate RRTODN 40,75,78
Skin Rabbit 5 mg/24H Mild TXAPAY 17,295,770
Skin Rabbit 12 %/6H open Moderate ARTODN 40,75,78
Zye Rabbit 1 mg m™Mild TXAPA9 17,295,70
Eye Rabbic 3 mg Severe TXAPAIY 17,295,770
Skin Guinea pig 12 %/6H cpen Moderate ARTODN 40,75,78

MUTATICN DATA:
DNA damage Rat Liver 10 umcl/L MUREAV 368,%59,96
Cytogenetic analysis Hamster Ovary 3 mg/L NTPTR* NTP-TR-379, 30

TOMORIGENIC CFFECTS DATA:
Equivocal tumcrigenic agent by RTECS criteria ; Endecrine--Tumors ; Skin
and appendages--Tumors ; Inhalation Rat TCLo 2 mg/m3/6H/2Y-1



NTPTR* NTP-TR-379, 90
NMeoplastic by RTECS criteria ; Skin and appendages--Tumors ; Tumors at
site of application ; Skin Mcuse TDLo 2400 mg/kg/27W-I BJCAAI
7,482,53

TOXICITY EFFECTS DATA:
* Inhalation Human LCLeo 159 mg/m3/20M 342IAG -,163,69
Lacrimation ;Conjunctive irritaticn ;Dyspnea Inhalation Human TCLo
93 mg/m3/3M AIHAAP 23,199,62
Eye--Other ;Cough ;Dyspnea Inhalation Human TCLo 20 mg/m3 BJIMAG
29,298,772
* Oral Rat LD50 50 mg/kg TXAPAS 17,295,70
Olfaction--Cther ;Acute pulmonary edema ;Hemorrhage Inhalation Rac
LCLo 417 mg/m3/15M ARTODN 40,75,78
Coma ;Lungs, Thorax, cor Respiration--Cther changes ;Hair Intraperitoneal
Rat LD50 36 mg/kg ARTODN 40,75,78
Convulsions or effect on seizure threshold ;Respiratory stimulation
;Kidney, Ureter, Bladder--Other changes Intravenous Rat LD50 41
mg/kg ARTODN 40,75,78
* Qral Mouse LD50 139 mg/kg NTIS** ADB37-111
* Inhalation Mouse LC50 59 mg/m3 GISAAA 58(10),4,93
* Intraperitoneal Mouse LD50 60 mg/kg NTIS** ADB37-111
Convulsions or effect on seizure threshold ;Respiratory stimulation
;Kidney, Ureter, Bladder--Qther changes Intravenous Mouse LD50 81
mg/kg ARTCDN 40,75,78
Coma ;Lungs, Thorax, or Respiration--Other changes ;Hair C©Cral Rabbit
LD50C 118 mg/kg ARTODN 40,75,78
Olfaction-—-Qther ;Acute pulmonary edema ;Hemorrhage Inhalation Rabbit
LCLo 465 mg/m3/20M ARTCODN 40,75,78
Convulsions or effect on seizure threshcld ;Respiratory stimulation
:Kidney, Ureter, Bladder—-Other changes Intravenous Rabkit LD50 30
mg/kg ARTODN 40,75,78
Coma ;Lungs, Thorax, or Respiration--Cther changes ;Hair ©Cral Guinea
pig LDSO 158 mg/kg ARTODN 40,75,78
Olfaction--Cther ;Acute pulmonary edema ;Hemorrhage Inhalation Guinea
pig LCLo 43¢ mg/m3/30M ARTODN 4C,75,78
Coma ;Lungs, Thorax, or Respiration--Cther changes ;Hair Intraperitoneal
Guinea pig LDS50 17 mg/kg ARTCDN 40,75,78

OTHER MULTIPLE DOSE EFFECTS DATA:
Death in the "U" date type field ; Inhalation Rat TCLo 19
mg/m3/6H/14D-1 NTPTR* NTP-TR-379, 90
Death in the "U" date type field ; Inhalation Mouse TCLo 10
mg/m3/6H/14D-1 NTPTR* NTEBE-TR-379, 80

REVIEWS:
ACGIH TLV-Not classifiable as a human carcinogen DTLVS* TLV/BEI, 96
ACGIH TLV-TWA C.32 mg/m3 (0.05 ppm) DTLVS~ TLV/BEI, 96

STANDARDS AND REGULATIONS:
DOT-HAZARD 6.1; LABEL:PCISCN CFRGBR 49,172.101,92
4SHA STANDARD-air TWA 0.05 ppm {0.3 mg/m3) DTLVS+ 3,48,71
COSHA PEL (Gen Indu) §H TWA 0.05 ppm (0.3 mg/m3) CFRGBR 29,1910.1000, 94
OSHA PEL (Construc) 4H TWA 0.05 ppm (0.3 mg/m3) CFRGBR 29,1926.55, 94
OSHA PEL {Shipyard) 8H TWA 0.05 ppm (0.3 mg/m3) CFRGBR 2%,1915.1000,923
O5HA PEL (Fed Cont) B8H TWA 0.05 ppm (0.3 mg/m3) CFRGBR 41,50-204.50, 94
OEL-BUSTRALIA TWA ©.05 ppm (0.3 mg/m3) JAN93



OEL-BELGIUM TWA 0.05 ppm (0.32 mg/m3) JANS3

OEL-CENMARK TWA 0.05 ppm (0.3 mg/m3} JAN93

OEL-FINLAND STEL 0.05 ppm (0.3 mg/m3);Skin JANG3
OEL-FRANCE TWA 0.05 ppm (0.3 mg/m3) JANS3

QEL-THE NETHERLANDS TWA 0.03 ppm (0.3 mg/m3) JANS3
OCEL-THE PHILIPPINES TWA (.05 ppm (0.3 mg/m3) JANS3
OEL-SWITZERLAND TWA 0.95 ppm (0.3 mg/m3} JANS9Z
OEL-UNITED KINGDOM TWA 0.05 ppm (0.3 mg/m3; JAN93

CEL IN BULGARIA COQLOMBIA, JORDAN, KOREA check ACGIH TLV
OEL IN NEW ZEALAND SINGAPCRE, VIETNAM check ACGIH TLV

NIOSH CRITERIA DOCUMENTS:
NIOSH REL TO alpha CHLOROACETOPHENONE-air:10H TWA 0.0%5 ppm NIOQSH* DHHS
$92-100, 92
NOES 1983: HZD X4754; NIS 1; TNF 35; NOS 4; TNE 2294; TFE 1412

MTP, NIQSH, EPA STATUS:

EPA TSCA Section 8{b) CHEMICAL INVENTORY

EPA TSCA Section 8(d) unpublished health/safety studies

On EPA IRIS database

EPA TSCA TEST SUBMISSION (TSCATS) DATA BASE, APRIL 1997

NTP Carcinogenesis Studies (inhalation);eguivocal evidence:rat NTPTR*
NTP-TR-379, 50

NTP Carcinogenesis Studies (inhalation);no evidence:mouse NTPTR*
NTP-TR-379, 90

IRRITATION EEFFECTS JOURNAL REFERENCES:
ARTODN Archives of Toxicology. Springer-Verlag, Heidelberger P1. 3,
D-1000 Berlin 33, Fed. Rep. Ger. V.32~ 1974-
T¥XAPA9 Toxicology and Applied Pharmacology. Academic Press, Inc., 1 E.
First St., Duluth, MN 55802 Vv.1- 1959-

MUTATION EFFECTS JOURNAL REFERENCES:
MUREAV Mutation Research. Elsevier Science Pub. B.V., POB 211, 1000 AE
Amsterdam, Netherlands V.1- 1964-
NTPTR* National Toxicolecgy Frogram Technical Report Series. Research
Triangle Park, NC 27709 Nc.206-

TUMORIGENIC EFFECTS JOURNAL REFERENCES:
BJCBAAI British Journal cf Cancer. Macmillan Press Ltd., Houndmills,
Basingstoke, Hants. RG21 2XS, UK V.1- 1947-
NTPTR* National Texicology Program Technical Report Series. Research
Triangle Park, NC 27709 No.206-

TOXICITY EFFECTS JCOURNAL REFERENCES:

ATHAAP American Industrial Hygiene Association Journal. AIHA, 475 Woif
Ledges Pkwy., Akron, OH 44311 Vv, ,19- 1958-

ARTODN Archives of Toxicology. Springer-Verlag, Heidelberger P1. 3,
D-1000 Berlin 33, Fed. Rep. Ger. V.32- 1974-

BJIMAG British Journal o¢f Industrial Medicine. British Medical Journal,
Box S560B, Kennebunkport, ME 04046 V.1- 1%44-

GISAAA Giglena I Sanitariya. For English translation, see HYSAAV. V/,/Q
Mezhdunarodnaya Kniga, 113095 Mescow, USSR V.1- 1936-

NTIS** National Technical Information Service. Springfield, VA 22161
Formerly 0.5, Clearinghcuse for Scientific & Technical Information.
TXAPAS Toxicoleogy and Applied Pharmacology. Academic Press, Inc., ! E.

First St., DRuluth, MN 55802 v.1- 1959-



3J42IAG Toxicology of Drugs and Chemicals, Oeichmann, W.B., New Tork,
Academic Press, Inc., 1969

OTHER MULTIPLE DOSE EFFECTS JOURNAL REFERENCES:
NTPTR* National Toxicclogy Program Technical Repcr: 3erles. Research
Triangle Park, NC 27709 No.206-

REVIEWS JOURNAL REFERENCES:
DTLVS* The Threshold Limit Values (TLVs}) and Biological Exposure Indices
(BEIs) booklet issues by American Conference of Governmental
Industrial Hygiernists ACGIH, Cincinnati, ORH, 199¢

STANDARDS & REGULATIONS JOURNAL REFERENCES:
CFRGBR Code c¢f Federal Regulaticns. U.S. Government Printing Office,
Supt. of Documents, Washington, DC 20402
DTLVS* The Threshold Limlct Values (TLVs) and Biological Exposure Indices
(BEIs) booklet issues by Bmerican Conference of Governmental
Industrial Hygienists ACGIH, Cincinnati, GH, 1996

NTP, NIOSH, EPA STATUS JCURNAL REFERENCES:
NTPTR* Naticonal Toxicclogy Program Technical Report Series. Research
Triangle Park, NC 27709 No.206-

DATA PRESENT: Irritation Effects; Mutation Effects; Tumorigenic Effects;
Toxicity Effects; Human Toxicity Effects; Other Multiple Dose Effects:
Reviews; Standards and Regulations; NIOSH Criteria Documents; NTP,
NICSH, EPA Status
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Background Document C, Reference 21

Nemeth, G., 1989, RCRA Facility Assessment Report - Edgewood Area - Aberdeen Proving
Ground, Maryland No. 39-26-0490-90, Waste Disposal Engineering Division, U.S. Army
Environmental Hygiene Agency, Aberdeen Proving Ground, Md., Nov.

See Background Document B, Reference 40



Background Document C, Reference 22

Panel on Cholinesterase Reactivator Chemicals, Panel on Psychochemicals, and Panel on Irritants
and Vesicants, 1984, Possible Long-Term Health Effects of Short-Term Exposure to Chemical
Agents. Volume 2: Cholinesterase Reactivators, Psychochemicals, and Irritants and Vesicants,
prepared for the Department of the Army, Washington, D.C., by the National Research Council,
National Academy Press, Washington, D.C., June.

See Background Document B, Reference 41
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PREFACE

The work described in this report was authorized under
Project No. 10162622A553, CB Defengse/General Investigation. This
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The use of trade names or manufacturers’ names in this
report does not constitute an official endorsement cof any
commercial products, This report may not be cited for purposes
of advertisement.

Reproduction of this document in whole or in part is
prohibited except with permission of the Director, U.S. Army
Edgewood Research, Development and Engineering Center (ERDEC), ¥
ATTN: SCBRD-RT, Aberdeen Proving Ground, MD 21010-5423,
However, the Defense Technical Information Center and the
National Technical Information Service are authorized to
reproduce the document for U.S. Government purposes.
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VAPOR PRESSURE DATA ANALYSIS OF DICHLOROFORMOXIME

1. INTRODUCTION

Dichloroformoxime* is an irritant widely reported in the
international literature.! Vapor pressures are one of the most
important liquid properties” determining or influencing the
volatility, reactivity, persistency, toxicity, flammability,
solubility, and transfer processes of chemicals. Thus, it is
necessary to have reliable information available on vapor
pressures and the properties derived from vapor pressures for
such compounds. Saturation vapor concentrations, beiling point,
and enthalpies of vaporization are some of the properties derived
from vapor pressures.

In response to requests that the vapor pressure data for
dichloruformoxime be reviewed for consistency, a literature
search was performed and the little data found in the literature

was combined, fitted, and analyzed to make the best use of the
data available.

2. BACKGROUND

2.1 Theory.

In this report, the data is fitted to the Antoine

equation. The Antoine equation,9 the most widely used equation
to fit vapor pressure data, is equation 1.

log..P = A - Bi(t + C) (1)

where

P = vapor pressure in Torr
t = temperature in °C
A, B, C = constants

*The names for this compound found in the literature are:
dichlorformoxim, dichlorformaldoxim, dichloroximinomethan,
dichlorformaldehyd-oxim, kohlensaure~dichlorid-oxim, dichlor-
methylen-hydroxylamin, phosgene oxime, and phosgen-oxim. Its
chemical formula is Cl,C=NOH, and its registry nunber is
1794-86-1.



Equation 2 makes it possible to calculate enthalpies of
vaporization from the temperature and the Antoine constants.

log, 10 RBT?
= (2}
(C+t)

where

AH, « enthalpy of vaporization in kilocalorie per mole
T = temperature in Kelvin
R

= ideal gas law constant {1.9872 cal K' mol”}

Since the early 20th century, the term "volatility" has
been defined as follows by the military of the world.?

Volatility = PM/RT (3)

hq is Ehe compound molecular weight, and R is 82.053 cm® atm
K’ mol”.

Volatility as defined by equation 3 is usually called the
concentraticn of saturated vapor. The concentration of saturated
vapor is based on the ideal gas law that is fairly accurate at
vapor pressures below one atmosphere in pressure. The units of
grams or milligrams per cubic mete:r have been nearly always used.
Other definitions of volatility that have been used are given in
reference 9 (Appendix C).

2.2 m ion nd P

The program used is named "ANT193.BAS" and is written
in MS-DOS GW-BASIC for IBM compatible personal computers. It is
a2 slightly modified version of "ANTS592.BAS" that was reported
in reference 9. The methods of indexing organic compounds
and abbreviating references used in the program are given in
reference 9. Plotting is performed with "ProPLOT", which is a
2-D scientific plotting software package sold by Cogent Software
{(Menlc Park, CA) that creates PostScript printer cutput. The
plotting was done on a Hewlett Packard LaserJet III (Brisbane,
CA). The computations were run on a Swan Technologies (State
College, PA} 386/33 personal computer.



3. RESULTS

Table 1 contains the literature and calculated vapor
pressures for dichloroformoxime, percent difference, experimental
method, and reference code at each experimental temperature. The
Antoine constants and their standard deviations are given in
Table 2.

The correlation ccefficient was 0.9958, which appears
to be excellent, but the standard statistical I' value was 4.3%
at the 95% confidence level =-- too high. The F value was 2,02
at the 80% confidence level. This indicates only a fair fit.
The deviations of the calculated vapor pressures at the 95%
confidence level are given in Tables 3 and 4. The boiling point
was found to be 128.5 °C, * 8.5 °C at the 95% confidence level
and 128.5 °C, * 5,8 °C, at the 80% confidence level. The
molecular weight was calculated to be 113.93. The computer
program estimated that 1% digits are required for the
calculation. Figqure 1 shows a pleot of the legarithm of
dichloroformoxime vapor pressures versus -1/(t+C). Figqures 2
and 3 provide simple vapor pressure versus temperature plots with
error bars.

4. DISCUSSION

The data in this report was extracted from numerous
organic synthesis reports where boiling points at various
atmospheric pressures are raported. Usually the exact
methodology used to obtain the data is not reported. Such data
makes up the foundation of vapor pressure found in the
literature, handbooks, and data bases. Very little data has been
neasured for the purpose of obtaining vapor pressure data or
heats of vaporization.

If precise values of vapor pressures, saturation vapor
concentrations, enthalpies of vaporization, or some other
property based on vapor pressures are required, additional
measurements must be made.

5. CONCLUSIONS

As a3 result of this study, the following conclusions are
provided:

B The vapor pressure data found in the literature was
only a few very imprecise boiling points at various atmospheric
pressures,
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‘Antuine Constants and Their Standard Deviations at the
95% Confidence Level

Table 2.

AP P S PP,

Numeric Standard
Constant Value Deviation
A 9.5243146 0.25520
B 283E.40258 92.502
C 298,761 0.0013*
1 *This is not a standard deviation. Since
4 C was optimized to this interval in the

fitting process, a standard deviation
would not be meaningful.

PP TS

B The best estimates and 95% confidence expected
deviations of the caiculated vapor pressures, saturation vapor
concentrations, and enthalpies of vaporization for dichloro-
formoxime are provided over a range of temperatures in Tables 3

and 4.

M The calculated boiling point of dichloroformexime was
found to be 128.5 °C, * 8.5 °C.
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Tabile 4 . Calculated Valueces and Error Limits for Dichloreoformoxime
from 20 to 50 *C

Concentration of

Temperature Vapor Pressure Saturated Vapor Heat of Vaporization
Celsius Torr % Error mg/ (m cubed) % Errer cal/fmol % Error
20.0%° 4.17D+00  +/- 40 2.60E+04 +/- 40 10984. +/-11.8
21.0% 4.44D+00 +/=- 19 2.76E+04 +/- 39 109%0. +/-11.8
22.0¢% 4.74D+00 +f- 39 2.93E+04 +/- 19 10996. +/-11.8
23.0% 5.05D+00 +/- 38 3.11E+04 +/- 218 11002. +/-11.8
24.0% 5.37D+00 +/- 37 3.30E+04 +f~ 37 11008. +/-11.8
25,0% 5,72D+00 +/- 37 J.51E+04 +/=- 37 11914. +/-11.8
26.0% 6€.,09D+00 /- 16 1.72E+04 +f=- 16 11020, +/-11.8
27.0+ 6.47D10C +/- 35 3.94E+04 +f- 35 11026. +/-11.8
28.0% 6.88D+00 +/~- 35 4.18E+04 +/= 35 11031. +/-11.8
29.0%  7.32D+400 +/- 34 4.42E+04 +/- 34 11037. +/-11.8
30.0%  7.78D+00  +/- 34 4.69E+04 +/=- 34 11043, +/-11.8
31.0* 8.26D+00 +/- 33 4,36E+04 +/- 33 11048. +/~11.8
2.0+ 8.77D+00 +/- 32 5.25E404 +/= 32 11054. +/-11.8
Ji.0* 9.31D+00 +/- 32 5.55E+04 +/=- 32 11060. +/~11.8
34.0% 9.87TD400 4/~ 31 5.87E+04 +/- 31 11065. +/-11.8
35.0¢ 1.05D+01 +/= 11 6.21E+04 +/- 31 11071. +/-11.8
316.0¢* 1.11D401 +/- 30 6.56E+04 +/- 30 11076. +/-11.8
37.0%  1.18D+01  +/~ 29 6.93E+04 +/- 29 11082. +/-~11.8
38.0 1.26D+01 +/- 29 7.32E+04 +/- 29 11087, +/-11.8

The melting point is 39 "C. The abgve are for supercooled liquid,
39.0%  1.32D+01 +/- 28 7.73E+04 +/~ 28 11093, +/-11.8
40.0% 1.40D+01 +f/=- 28 B.16E+04 +/~- 28 11098. +/-11.8
41.0% 1.48D+01 +/- 27 8.61E+04 +/- 27 11103. +/-11.8
42.0% 1.57D+01 +f=- 27 9.08E+04 +/- 27 11109. +/-11.8
43,0~ 1.66D+01 +/=- 26 9.57E+04 +/- 26 11114, +/-11.8
44.0%  1.75D+01  +/- 26 1.01E+05 +/= 26 11119, +/-11.8
45.0%  1.85D#01 +/~ 25 1.06E+05 +}=- 25 11124. +/-11.8
46. 0% 1.96D+01 +f- 25 1.12E+0S +/=- 25 11130, +/-11.8
47.0 2.07D+01 +f=- 24 1.18E+05 +/- 24 11135. +/-11.8
48.0 2.18D+01 +/- 24 1.24E+05 +/- 24 11140, +/-11.8
49.0 2.30D+01 +/=- 23 1.31E+05 +/=- 23 11145. +/-11.8
50.0 2.43D+01 +f~ 23 1.37E+405 +/- 23 11150. +/-11.8

* Extrapolated beyond data range.
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CHEMICALS I

—
130 CHEMICAL AGENTS
Agent Introduced Date
hy
Simple laermnutors
Ethylbromacetate. .. . . .. I French August, 1914
Xylyl bromide. ... ..... ... . . ....1 Germans January, 1815
Benzyl bromide... .. ...... . ... | Germana March, 1915 5. Phy
Brommethylethy! ketone.. ... .. | Germans July, 1915 points R
Ethyliodoacetate... .. ... ... DBritish September, 1815 stances thy
Benzyl iodide....... ........ ... . I'rench November, 1915
Brombenzyl cyanide. . .. French - 1918 Sinee
Chioracetophenone. .. .... . . ... | Awmericans readily st
. . moist sur
Toxic lacrimators moisture
1
Chloracetone. .. .......... . . ..| French November, 1914 The effec
Bromacetone. ..................... Germans | July, 1915 passes ra
Iodoacetone.................. ....| French August, 1915 and term
Acrolein. ............... .. ... .. ..., French January, 1916 tion of t1
~~  Chlorpicrin®. .. R ERIEEREIEERRTRE, Russians August, 1916 secretion
Phenylcarbylamine chloride*....... .. Gerinans May, 1917 .
persists £
* Primarily lung injuranta, matory ¢
injurious
GROUP CHARACTERISTICS A ma
The lacrimators, as a group, have certain well-defined propertics in ineffectiv
common, the most important of which are the following: concentrs
. . ) visible eff
1. They all have the power to irritate certain tissues only, f.e., the eyes, and zvl cyani
without producing noticeable lesions; their action is thus both elective and reversible M y 1
since they affect only one organ, and the irritation produced quickiy disappears. soluth}'l
2. Their threshold of action is low, i.e., they are effective in extremely low con- to lacrim:
centrations, such as a few thousandths of a milligram per liter, and can produce an great diff
intolerable atmosphere in conecentrations as low as one-thousandth of that required animals h
for the most effective lethal agenta. :
. . . . Co establishe
3. They are quick neting, producing almost instantaneous physiological effects ith
(in less than 1 minute) in the form of a muscular reaction of the eyelids, closing the Althot
eyes, and a glandular reaction from the lacriinntory glands, producing a copious flow employmut

of tears.

4. Chemically they are very closcly reluted, Leing formed by n central atomn of
carbon, carrying a halogen and one or several negative groups in which the hydrogen
atoms are readily dispiaced. Hederer and Istin (15), quoting Professor Job, give the

following type formulas which explain the chemical relationships of the lacrimators
to each other:

were intre
of lacrims
total tonn
in extrems
ant disad»
owing to
adapted f
they have
World We

Hy=C———< Br (bromide)

\ I (iodide)
CiH, (benzyl)

3 Cl (chiloride)




CHEMICAL AGENTS

WORLD WAR LURG INJURANTS

appearance in the World War, are:

Introduced

by Date

Agent

Simple lung injurants

Chlorine. . ................ e Germanz | April 22, 1915
Methylsulfuryl chlonde e Germana | June, 1915
Et11yl.su1furyl chloride............... TFrench June, 1915
Monochlormethylchloroformate. . . .. . Germans | June 18, 1915
Dimethy] sulfate....... AP ....| Germans { August, 1915
Perchlormethylmereaptan. .. .. ... .. French September, 1915

~— Phosgene.......................... Germans | Dec. 18, 1915

= Trichlormethylechloroformnte. ..., .. Germans | May 19, 1916

—~ Chlerpierin........................ Russians | August, 1916
Phenylcarbylamine chloride.......... Germans | May, 1817
Dichlordimethyl ether. .. ........ ... Germang | Japuary, 1918
Dibromidimethyl ether. .............| (Germans

Toxic lung injurants

—=  Phenyldichlorarsine..... ...........} Germans | Scptember, 1017
~  Ethyldichlorardine. ................. Germang | Mareh, 1918
W Phenyldibromarsine. ...............| Germans | September, 1918

Chlorine (Cl.)
French: ‘“Bertholite”

Chlorine was the first gas used on an effective scale in war. It was
employed by the Germans against British and French Colonial troops
at Ypres, Belgium, on Apr. 22, 1915, when 168 tons of chlorine were
released from 5,730 cylinders on the front of 6 kilometers. It was effec-
tive to a distance of 3 kilometers downwind and caused 15,000 casual-
ties, of which 5,000 were latal.

During the war chlorine was the principal gas used for cloud-gas
attacks. "At first, when the Allies had little or no means of protection,
it was a very effective weapon and caused many thousands of casualties.
Later in the war, when troops were protected with masks, the effective-
nesg of chlorine was greatly reduced. However, in mixtures with other
gases, such as phosgene and chlorpicrin, it continued to be used through-
out the war.

At ordinary temperatures and pressures, chlorine is a greenish yellow
volatile gas with a pungent odor and caustic poisonous characteristies,

The principal lung-injurant agents in order of their chronological

A " fL-"‘

It is readily lique
temperatures (70°
when o gas, it is
cloud it clings wi
liquid chlorine ¢

Salt
{Na(Cl}

Water
{H20])

To
Storoge

C

chlorine boi
temperatur
adapted for
cipal mode
Chlorin
as indicate:
industry.
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B second or third day, if death does not oecur, the edemia Anid is resorbed znd recovery
p follows, barring cotupliention of the bronchopneumonic procuss.

The important itnmediate effects of phosgene are practically limited to the Jungs.
' These changes consist of damage to the capillaries. This damage may be noted a
" half hour after gassing. The capillaries in the walls of the alveoli are markedly eon-
siricted and appear collupsed. Later they become dilated and engorged with blood,
¥ and blood stasis is the rule. Frequently thrombi form and block the capillaries for
E some distance, which increnses the blood atasis. This dilation and blood stasis in
the capillaries is the muin cause of pulmonary edema; the latter progresses rapidly
" from this time on.

= A number of theories have been advanced to explain the production of edema.
The preponderance of evidence as to the cause of the cdema following phosgene
E gassing is that it isx due to local injury of the endothelinl cells which results in
- an increased capillary permenbility; the other changes in the blood and in the circula-
" tion are secondary to the trauma sustained by the capillary wall.

Al if sufficient hydrochloric acid is
shell. Because of its rapid hydroly-
ie cannot be efficiently employed in

vhich s considerably below ordinary |
poration is so slow that it has to be
rine in order to set up satisfactory §
1. This was the manner in which ]
attacks throughout the war.
en times that of chlorine, & concen- 4
tal after 10 minutes’ exposure. In
‘n met in battle, one or two breaths

The injurious effects of phosgene are materially increased by physical

b exertion. Frequently those parts of the lungs which have not been

“damaged by the gas would be sufficient for breathing purposes if the body

- were at rest, but they are not sufficient while the body is in motion, par-

¢ ticularly in view of the excess carbonic acid which is formed in the body

. by the decomposition of the phosgene.

Phosgene is manufactured in industry by the original process of

b direct synthesis of chlorine and carbon monoxide, as indicated in Chart

i X. The only change from the original process of making it is the sub-

stitution of & catalyst (animal charcoal) for the action of sunlight.
Compared to chlorine, phosgene has the following advantages as a

. chemical agent. It is:

1. Far more toxic (0.50 mg. per liter at 10 minutes).

2. A little less volatile and more persistent.

3. Greater vapor density (3.5).

4, More insidious in action.
5. Chemically more inert and, therefore, more difficult to neutralize and proteet

¥ against.

v The principal disadvantages of phosgene are its slower physiological
% action on the body and its inability to discharge itself from cylinders at a
: gufficient rate for cloud-gas attacks.

> In addition to the foregoing, phosgene is relatively easy to protect
.against and for that reason would probably be displaced in the future by
( gases of greater toxicity and more difficult to neutralize.

ysiological and toxic effects chiefly §
is products—hydrochlori¢ acid and |
e upper air passages of the body, j
is therefore comparatively slight. i
ufficient phosgene is decomposed in
narked inflammation and corrosion. .
n the alveoli where the air is satu-

ces but a slight irritation of the
res, so that men exposed to this gas i
nan they would equivalent concen-
“irritant vapors. For this reason,
1 and men gassed with it often have
too late to avoid serious poisoning. 3
: a temporary weak spell, but other- ¥
te. Buddenly he grows worse, and ¥
s,

christ (24, pages 7 to 9) says:

ation of the trachea or bronchi; coughing 8
ve emphysema is practically never seen, -
& to earry on his work for an hour or two
: suddenly worse, may show evidence of #§
ass into collapse. There are records of
attack and who seem to have suffered
- later upon attempting physical effort.
This edema i3 at first noncellular but,
1, and later the exudate is rich in cells.’
s are seldom found in the exudate; later
is time reveals focal patches of broncho- 3
is the outstanding condition. After the §

Trichlormethylchloroformate (CICOQCCL,)
German: “ Perstoff ’; French: “Surpalite'’; British: * Diphosgene”’

E  This gas was first used in the World War by the Germans at Verdun
-in May, 19186, in retaliation for the French phosgene shell which were

Kintroduced in February, 1916.
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ICAL AGENTS

~~se and throat and

RESPIRATORY IRRITANT AGENTS 215

Phenyldichlorarsine (CaH:AsCle)
German: “ Blue Cross No. 1"; French: ““Sternite”

¢ This compound is primarily a toxic lung injurant and is therefore
;‘treated in Chap. VII, page 165. In addition to its lung-injurant
E: effect, however, it also exerts a considerable respiratory-irritant action,
and for that reason, was used by the Germans in “Blue Cross 1'' shell
Ein mixture with, and as a solvent for, diphenyleyanarsine.

& As phenyldichlorarsine was not used alone during the war, there is
B no war data available as to its effectiveness by itself. When mixed with

ces severe head-
1lly nausea and 4
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id last longer; 3

e less intense.
wore apparent,
more immedi- *
The longest ;g
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N, irritating and toxic effect than either of the latter compounds when used
“alone. The 50-50 mixture produces toxic smokes similar in character

¥': to those produced by pure diphenylchlorarsine, but somewhat denser

¥, and slightly less penetrating as regards the gas mask.

. Because of its high toxicity and not inconsiderable vesicant effect,

¥ in addition to its respiratory-irritant action, phenyldichlorarsine is to be

lorless in ordi- ;
' _ranked among the most valuable of the World War gases.

¢ this gas until 3
logical effects. 3
3 0.00038 mg. 3
"er respiratory -
acentration of .
iile the lethal -3

Ethyldichlorarsine (C,H:AsCly)
German: “Dick”

¥  This compound is also primarily a toxic lung injurant and has been
= treated as such in Chap. VIL. It is also a rather powerful respiratory
irritant. A concentration as low as 0.0038 mg. per liter (1:1,900,000)
I produces a slight irritation of the throat; 0.0125 mg. per liter (1:570,000)
¥ gtrongly irritates the nose and throat and produces a burning sensation
. in the chest which persists for about an hour after exposure ceases.
. Ethyldichlorarsine was introduced by the Germans in an attempt to
g’ produce a quick-acting nonpersistent vesicant and was first called * Yellow
% Cross 1.” It was soon found, however, that it wag not very effective asa
i vesicant, but proved to be highly toxic and its classification was changed
t? to “Green Cross 3. It was thereafter used primarily as a lung-injurant
agent.
; Its combined toxic, irritant, and vesicant effects, together with its
g low persistency and quick action make it a valuable war gas for offensive

most effective
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-eathing resist-
ring adequate
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Ethyldibromarsine

B - This compound is the bromine analogue of ethyldichlorarsine and its
[ - properties are almost identical therewith. It was used in the war only
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CHAPTER 25

Oxidation of amines

DAVID H. ROSENBLATT and ELIZABETH P. BURROWS

U.S. Army Medical Bioengineering Research and Development Laboratory,
Fort Detlrick, Frederick, Maryland, U.S.A.
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1090 David H. Rosenblatt and Elizabeth P. Burrows

As may be readily imagined, various characteristics of amine oxidations are
repeated or modified to a degree in oxidations with other oxidants, especially those
that operaic in one-electron steps. A review by Chow and coworkers®®, which
focused on the intermediate nonaromatic aminium radicals, served to compare a
number of these and to integrate a corpus of relevant information. In a different
sort of comparison with the effects of other oxidants, a few one-clectron amine
oxidations in agueous solution, including chlorine dioxide reactions, were correlated
by means of the following cquations with the ionization potentials (IP) or Taft o*
values of the amines and the redox potentials of the oxidants'3*:

logk, = ~7.84 E® — 5.31 IP + 3.85 (16)
or
logk, = —7.64 E° — 4.78L0" - 3,47 (17
lIl.\HALOGENATING AGENTS

The halogenating agents of major interest are chlorine, bromine and iodine (to a
far lesser degree), the comresponding hypohalous acids and a variety of N-halogen-
ated amines and amides. In most cases, these agents transfer positive halogen to
unshared amine electrons, with formation of N-haloammonium ions from tertiary
amines and haloamines from primary or secondary amines. The (crtiary amine-
derived N-chioroammonium ions are usually unstable; thus, although Ellis and
Soper?! observed that dry trimethylchloroammonium chloride, formed in carbon
tetrachloride, is stable for several days, the triethyl analogue could not be prepared.
Both N-chloroammonium ions form in aqueous solution; these ions decompose
oxidatively, as described [ater, but also react with chloride ion in a partial reversal
of the chlorination reaction?!. N-Chloroquinuclidinium ion (4) is exceptional; it can
be hydrolysed to quinuclidine but does not undergo oxidative decomposition'#*

(equation 18B).
@ é @ + 0CI” {18)
N

(4}

Crane and coworkers$? reported that amines containing the p-chloroethyl group
underwent both a- and p-chlorination in carbon tetrachloride, the latter reaction
slightly predominating; hydrolysis of the resultant products produced aldehydes and
secondary amines. This has been the only report in recent years to sugpest that
chlorine is introduced directly to the a- or B-carbons of aliphatic amines, but it is
also one of the few concerned with chlorination in nonpolar media. Detailed
cxamination of the oxidative dealkylation of lertiary amines in acidic aqueous hypo-
chlorous acid solution suggested the sequence shown in reactions (19)-(23)*%,
The “product’ 7 remained undefined because reaction (20} conld be interpreted as
either abstraction of an ¢-proton from 6 by § (reaction 24) to give 8§, or electro-
philic attack by 6 on the a-carbon of § to yield 9 (reaction 25). Both 8 and 9
{ie. versions of 7) would hydrolyse 1o R;NH and R'CHO. Although reaction (24)

RYR'CH,INT + HOCI —— R R'CHAN—C) (19)
{5) (6)

PR

s e wn

'i_
'i
|
i
i
|
|
Iﬂ
|
{
!
i
:

25. Oxidation of amines 1091 .
RyR'CHIN—CI + § ——= § + ‘product’ (20)
(n
7 —p~ RNH Y R'CHO (21)
RNH + HOCL ——~ RpCt (22)
RNH + RIRICHIN—Cl  ——= RANCL + RyRICH N (23)
§+5 —— nzﬁ—'é—n" ———— RN=CH, + CI” (24)
o ()
H A + 25)
6+5 RN+ H (
cl
(9)

a?¥ excluded it. He reasoned that if 1he

i i , Taraszk .
is more alirctie R e | base catalyst, acetate ion should also

tertiary amine played the role of a genera

) e oot
be a general base catalyst here; yet it is not. ) o -
Dil%'ercnces from the foregoing are seen with Bry. Lee and Srinivasan ™, Imn

; Y
studies on dimethylbenzylamines, confirmed Sp_ec_ulahun by Deno and l;r;u “t)t;::
effect thal Br, auacks the nitrogen electron paif in conccr;s;nnh general as: ;c l
on an g-hydrogen (reaction 26). Both Bry!® and HOCP? show preferre nzy

Bf—uBr

L= slow + _ + fant
ArCH—NMe, ——— ArCH=NMe, + 2B + BH" — 5= ArCHO + HNMe,
”

i ines, whereas ClO,; cleavage is proportio_nal o the
:I:;ﬁc g; (:?Ill;:it:')t’)l:::sz’%?mhdoreover, Br, attack favours ring oxidation of
N-methylpyrrolidine and N-methylpiperidine, in colntrasl o a greale‘r: n_:r;:iccr:)c:-
towards N-methyl oxidations by HOCI¥ and Cl10,'!8, thus, Deno and rru;; | on
cluded that the Br, reaction is not promising for I_V-dc..:methylanon ohal raloids,
unlike HOCL. The pronounced selectivily for ring oxidation ?aver demet y‘aem.my
Br, was demonstrated by studies on the alkalonfls nicotine and conanin 4 :im;
Even with HOCI, less methyl cleavage (lh%ugl;rsul(l s:ggif;fans'clzi:}l;agnrl|:‘gmg;;i|0 :s "
with conanine?**. The studies by Picot and Lu ‘
:lisalis::nBrz and 1, and sodium hypochiorite wilI? comnme and rclat‘::c.: alka::;lc!:
provide examples of the diversity of possible reactions™™=. When a mHet yl pro wit'l )
climinated, loss of formaldehyde quickly ensues (reaction 2?)‘._ owzgver.
climination of a ring proton, complex prog.lucls can result, e.g. reaction l( ( ;.r hypo-
N-Haloamides oxidize tertiary amines in a manner very similar to that of hypo
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(':H3 ﬁHz I-li
: H H
N NZ N
IJZ o U — Ml
CH, CHy
NN N _cH
Ucn, X, o HOX U P o
isolable
CH,

further resction
Teih G o roxT Many products (2B}
halous acids. Inasmuch as these reactions are usually carried out in nonaquecus
media, vinylamine-type products (enamines) are often the result?.15.

Purine and pyrimidine bases also undergo sequential halogenation reactions.
Initially, N- and C-halogenated intermediates are formed, which are ofien quile
stable®840.153.240.295  However, when the reaction mixtures stand for a long time,
especially in the continued presence of excess aclive halogen species, more exten-
stve reactions take place, accompanied by ring disruption. For example, nitrogen
trichloride, carbon dioxide and trichloroacetic acid are produced by HOCI from
uracil at pH 7** and chloroform at higher pH?'7; acetic acid, trichloracetic acid and
isobutyramidinium ion, along with a little chloroform, result from HOCI attack on
2-isopropyl-4-methyl-6-pyrimidinol® ™, Guanine, adenine and xanthine slowly form
parabanic acid (10), whereas caffeine and theophylline produce N,N’-dimethylpara-
banic acid when treated with the same reagent '3,

H- 0

(10)

A number of other nitrogenous water supply constituents yield chloroform on
{reatment for several hours with hypochlorous acid/hypochlorite ion at neutral pH,
indicating extensive oxidation; chioroform yields increase as the pH is raised to
1127, Notable among these water supply conslituents are hydroxyproline, trypto-
phane, indole, m-aminophenol and chlorophyll. Several other compounds produce
chloroform only at elevated pH, with maximum yields at pH 8.5-10.5. Chlorine
consumption also indicates that other oxidations occur, though they do not lead to
chloroform?!?,

In addition to such oxidative dealkylations or ring oxidations as were shown
previously, 1.2-diamines can undergo oxidative fragmentation. An outstanding
example is reaction (29)%%. The intermediate, 11, nlso appears to undergo revers-
ible homolysis, as discussed later, Perchlory! fluoride is another oxidant capable of

i T Y

s Rk,

R e e i L e i, R

")

25. Oxidation of amincs 1093

CH,

£—I

" ar L
E%j o, E%j)——- Cr+ E;ll;l L. Nj + 2CH0 +2H" (29)

|
CH, Ho
(9 (1 (12)

converting 3 to 12'", Consensus seems to favour two-electron pathways in these
oxidations*#7.10.2%4. in particular, evidence for this is the fact that light has no
cffect on the bromination reaction"”'®. Nevertheless, homolytic cleavage of the
N—CI bond may give rise to the free radicals in the reaction mixtures, as demon-
strated by the ability of a mixture of HOCl and triethylamine to initiate acrylo-

- mitrile polymerization!*® and by the easily observed formation of the red aminium

radical intermediate 13 when triethylenediamine reacts with HOCI?%2¢!. More-
over, one-¢lectron transfer to give aminium ion intermediates was imphcal,:d in the
amine-catalysed bromination of olefins by N-bromosuccinimide™ and in amine
oxidations by 1-chlorobenzotriazole2%,

4

&

(30}
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b
Product and kinetic studies by Ogata and Nagura?® on the secondary amine Although a number of mono- i- i i
N-benzylaniline demonstrated that hypohalite attack in methanol cannot involve an l pn:pared.gpurc or in aquc"(:ugosol‘:xr:?og.l ‘I:Il::;r“;?:]:l:: :é‘r‘; Efzé?ga:?,'izc:c:::f lgcli:
N-halogenated inlermediate; when solutions of such intermediates are made ] especially true of the bromoamines!’2%, Excess bromine in pH 6 buffer converted
alkaline, aniline ring substitution (halogen or methoxy) invariably results. Based on i dipropylamine to a mixture of pyruvic and propionic acids; propylamine gave
' propionic acid as the sole product, even with equimolar Br,*’. . ;
‘ In the literature of amine halogenation, the reactions of amino acids and peptides
| occupy a special place. As early as 1909, Langheld'®! reported (he oxidative
decarboxylation of a-amino acids at neutral pH (reaction 38). Dakin showed that

product isolation and on kinetics with only iodine-containing solutions (because
chlorine and bromine are rapidly consumed in organic solvents), they proposed the

mechanism shown in reaction (30).
At pH 7, HCI elimination from 14 is general base-catalysed!® (reaction 31).

R P T e O A

HP0,”
ZH;—N—CH,COCH; ——= CHN=CHCOLCH, ——= CHsNH, + HC—CO,CH, (31) R\ o COH R\ .-COH R
o 3 NaOCI + _ >C —— NaOH + - BN
(l:l " R1/ \M_'z R]/C\NH Rl/c—o + C02 + NaCl
{14) al {16} + NH,
(38)

A slight change from structure 14 gives a compound 15, whose decomposition is
unaffected by general base'®. The nitrenium ion pathway suggested by Kaminski
and coworkers'* (equation 32) borrows from the nilrene mechanism proposed by
Pinchuk and coworkers?** {equations 33 and 34).

chlorosulphqnamidcs could also act as the chlorinating agents™, and later that two
moles of sodium hypoc_:hlo!'itc"", or chlorosulphonamide™ produced nitriles {reaction
39). Hypobromite oxidations gave the same types of decarboxylation products

e ambe S

- oo bt L.

H—N—CH,COAE! - HiNCHLOE —5 " "
Cl : A—C—COH — R=C—COM RCN + CO, + 2HCI  (39)
(%) 4 NH, NCi, (an
E10,CCH,—N—N—CH,CO,Et =, E10,CCH-N=N—CH,CO,Et  (32) ; (16 or 17)r08.117, N,N-Dichloropeptides (18), which decomposed on standing to
) ! N-_chlt;ronmldcs (1?), were isolated on treatment of dipeptides with hypochiorous
H Q : acid?*2. Goldschmidt and coworkers''? elaborated on the bromination of dipeptides
as shown in reaction (40).
RAENCI, SR n,(lz—i\}m — n,tl:--ﬁ: (33) RO H ?‘ RO H R
H |
|
Y = CN, PO‘OE”: or CO:MB B H H
1 {18) (19)
zn,tl:—i&: " RE—N=N—CR, B4 RowH
1
Ll
Y Y Y ; 2 HOBr + HZN—C-—C—N—(.I‘,-—COZH _—
Thesc equations, (33) and (34), do not exclude the numerous examples wherein : I |
N-chlorinated sccondary or primary amines undergo conversion to imines (and i H H
thence by hydrolysis (o carbonyl compounds'43.%0.134.175.198.267 Here, the initial step | ROH R A o H R
could well be attack of base on an o-hydrogen, e.g. equations (35)-(37). ! BrN= | _" . I N
H TETETN—C—CoH fmCN—C—com
|
(RCH,NCI —~ RCH,—N=C—R @5 H 0 H
; (40)
bate 1 R!
RCH,NHCI ——~ RCH=NH (36) j alkaling |
E — RCN + H—-C—-Co,”
H—N—CO,"
RCH,NCI, —*+ RCH=NCI RCN (an i oo
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They found carbamino acid (20) to be moderately stable in alkaline solution; the
amino group was thus protected from further attack by hypobromite. Loss of the
N-carboxy function as carbon dioxide occurred quickly on acidification. With tri-
peptides, a hydantoin and then a dehydrohydanioin were obtained!i5116
{reaction 41).

R
f

2 HOBr + H,N—(I:—c—
H

R 0O
H\I c// RZ N\ //R2

— | HOR: 7 |
RCN + H— ‘c’h_?—m’“ — K —G—COH  @n
H

I H
o

Glycine and certain of its peplides show some atypical chemistry, which cannot
be fully presented here. 1t is most important to remember, however, that the
product of type 17, in the case of glycine, is HCN, which undergoes further reaction
with hypohalites to form the cyanogen halide® or cyanate ion'!”. Culverss con-
cluded that N-chloroglycine forms iminoacetate in strongly alkaline solution
(equation 42); it rapidly disproportionates in acidic solution to glycine and N,N-
dichloroglycine. The latter appears by a first-order process in the pH range 5.1-8.5

H

|

Ho - oW
_-N—CH,CO, T

Ct

10 form HCN and CO; as discussed earlier. Culver®® was less certain about the

mode of decomposition of N,N-dichloroglycine, but slightly favoured reaction (43)

over (44). In a very similar reaction, van Tamelen and coworkers?? reported that

H H
3 CI:N—%—COIH +2H,0 HZN—+—C02H + 2HCI + 2 NHCI, + 20-—-(|:—c02H
H H H
(43)
H H

e e el -

)
i

I I <
3C|,N-<I:—cozu +2H,0 — HAN—(—COZH + 2NHCI, + 2HCI + 2CH,0 + 2C0,

H H
(44)

oxidation of N,N-dimcthylglycine with one mole of hypochlorous acid in the pH
range 1.5-6.3 showed maximum decarboxylation at pH 1.5 {reaction 45).

Me,N— CH,COH + HOCI MeNH + CH,0 + CO, + HCI  (45)

25. Oxidation of amines 1097 .

N-Methylglycine, when treated with N-bromosuccinimide under acidic conditions,
also yielded formaldehyde?! (reaction 46). The decomposition rate of N-chloro-
N-methylgiycine was shown 1o be independent of buffer concentration at pH 71¢4,

4]
i
Hzc’ch 3
Hz(l:'-C/ —Br + CH:N—CHZCOZH *HCl + H,0 ——
\
\0
o]
i
H2C"c
Hzé —H + CHyNH,-HCI + HBr + CH,0 + CO, (46)
Y
(o]

Among recent studies on the mechanism of such amino acid oxidations, that of
Stanbro and Smith?* is noteworthy for its integration of the kinetics of N-chloro-
alanine decomposition with product identification 1o formulate a picture of the
variation of reaction pathways with pH. They indicated the existence of two
decarboxylative pathways, the second of which was eatlier suggested by Fox and
Bullock'® (reaction 47). Although Fox and Bullock ' explained the higher pH
formation of pyruvic acid by a carbanion intermediate (equation 48), Stanbro and

Me

|
H—-N—{(i‘.—H
¢l O,

(21)

N

Me

|
CI + COp + H—N=C—H —°

——

MeCHO + N,

(47)

Me
HN—G. -
c €o,” a €0,
(29)

Smith? found that the kinetics did not justify such a mechanism. The scheme of

Me
— mw=c . g (48)

Y
[

CO,” CO,

i Stanbro and Smith?™ also required kinetic terms for the autvdecompusition and

acid-catalysed decomposition of the most protonated specics (24). thuugh they

wrote no mechanism and did not specily the products (probably those of oxidative
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H
H—:r!l—CHzcozH
&
{24)

decarboxylation). They completely described the kinetics at 25°C over the pH
range 1.5-7.5 by an equation involving species 21, 22 and 24

The importance of halogen transfer to, from and among amino nitrogens is
apparent in the foregoing discussion. Rates and equilibria of chlorine transfer have
been determined by a number of investigators, most notably Soper and Smith?¥,
Weil and Morris?033%, Cylver®, Friend!??, Higuchi and coworkers!*, Kaminski and
coworkers'®’, Higuchi and Hasegawa!}, Pitman and coworkers?‘®, Hussain and
coworkers!®®, Gray'!%, Gray and coworkers!?® and Margerum and coworkers?!?
Particularly significant has been the development of values and correlations for
chlorine potential, —log;oK . where:

[RNH][HOCI}  [RyN][HOCI]
= or
[R,NCI) [RyNCI*}
Although chlorine transfer could cccur via hydrolysis to HOCI, Hussain and
coworkers'¥® and Margerum and collaborators?!® showed conclusively that direct
nitrogen-to-nitrogen transfer occurs much more rapidly.

Hypobromous acid appears to halogenate amines about 3-5 times faster than
hypochlorous acid?'é, but the evidence so far is fragmentary.

cp (49)

IV. POTASSIUM FERRICYANIDE

Lindsay Smith's group%7#203.204 hay produced the most important mechanistic
studies of the ferricyanide oxidation of tertiary alkylamines. The concentration of
ferricyanide ion is easy to follow spectrophotometrically at the 420 nm absorption
maximum. Unlike many other complexed metal ions, neither the oxidized (ferri-
cyanide) nor the reduced (ferrocyanide) form readily loses its ligands. Ferricyanide
is not a particularly reactive oxidant (compared, for example, to chlorine dioxide).
For this reason, most of the oxidation experiments have been conducted at high
pH, where enough of the amine free base can be present to react with reasonable
speed. To dissolve the required concentrations of amines, it has usually been
necessary to employ mixed organic—aqueous solvents, such as -butylamine-water
or methanol-water3,

The ferricyanide oxidation mechanisms (equations 50~53) parallel corresponding
chlorine dioxide mechanisms in many details (see equation 2). One notable

RCH,NR) + Fe(CNJg~3 RCH,NR} + Fa(CN); ™ (50)
RCH,NR) REH—RR] + H* (51)
REH—NR) + Fe(CN)g™3 RCH=NR] + Fe(CN);~* (52)

ACH=RNR} + H,0

[RCH—NR}] ——— RCHO + RINH  (53)
H



Background Document C, Reference 27

Rosenblatt, D.H., et al. (editors), 1975, Problem Definition Studies on Potential Environmental
Pollutants; 1I: Physical, Chemical, Toxicological, and Biological Properties of 16 Substances,
Technical Report 7509, U.S. Army Medical Bioengineering Research and Development
Laboratory, Fort Detrick, Frederick, Md.

See Background Document B, Reference 48



Background Document C, Reference 28

Rosenblatt, D.H., et al., 1996, Background Chemistry for Chemical Warfare Agents and
Decontamination Processes in Support of Delisting Waste Streams at the U.S. Army Dugway
Proving Ground, Utah, ANL/EAD/TM-56, Argonne National Laboratory, Argonne, Ili., April.

See Background Pocument B, Reference 50



THE WAR GASES

CHEMISTRY AND ANALYSIS

BY

DR. MARIO SARTORI

Chemist of the Italian Chemical
Warfare Service

Preface by
PROFESSOR G. BARGELLINI

of Rome Universily

Translated from the Second Enlarged
Italian Edition by

L. W. MARRISON, B.Sc., A.I.C.

With 20 Figures and 14 Tables

145,

4110

NEW YORK
D. VAN NOSTRAND GOMPANY, INC,
250 FOURTH AVENUE

PROPERTY OF

PUTUTALT J?F&'gﬂi HMM




P

)

10 HALOGENATED NITRO- COMPOUNDS

‘These componnds all have lachrymatory power, especially
tetrachloro dinitro ethane, which is much more powerful in this
respect than chloropicrin.

Some of the halogenated derivatives of unsaturated nitro-
compounds have also becn examined, e.g., chioronitro ethylene
(CH, = CCINO,) and various of its homologues.! These
compounds, thongh having powerful lachrymatory properties,
cannot be considered for use as war gases for owing to the
presence of the unsaturated linkage in their molecules they tend
to polymerise forming substances without Jachrymatory properties.

Recently other substances having a certain amount of interest
in war gas chemistry have been prepared :

(1) Triffucronitroso methane,® obtained by the action of fluorine
on silver cyanide in the presence of silver nitrate, is a bright blue
gas, fairly stable chemically. It melts at — 150°C., boils at
— 80° C. and has an unpleasant odour.

(2) Trichloronitroso methane® obtained by the action of nitric

acid on the sodinm salt of trichloromethy! sulphinic acid, is a -

liquid boiling at 5° C. at 70 mm. pressure.
Both these substances have an trritant action.

1. Trichloro Nitroso Methane. CC},NO {M.Wt. 148)

Trichiloronitroso methane has been prepared recently by
Prandt!l and Sennewald 4 by the action of nitric acid on the sodium
salt of trichloromethy! sulphinic acid :

ccl
SO“<1: ' F IINO, = CCLNO + H,S0,

A very violent reaction takes place and the yield of trichloro
nitroso methane is low. This compound is more conveniently
obtained by the action of an aqueous solutiofl of soditmn trichloro
methyl sulphinate, potassium nitrate and sodium  nitrite on
sulphinic acid.s

LapoRraTORY PREPARATION
250 ml. 20%, sulphuric acid are placed in a round-bottomed

flask fittedd with a tap-funnel and a well-cooled coil-condenser. :

‘The flask is heated to 70° C. and a cold solution of g4 gm. sodium
trichloromethyl sulphinate, 50 gm. potassium nitrate and 25 gm.
sadium nitrate in 300 wml. witer is dropped in from the tap-funnel,
UWnLkeNDOWRE, Her | 1y2q, BT, o8 Scumior and Rutz, Ber,, 1928, 61, 2142
t 0y, Kurr, Her, 1436, 69, syl OKy.
Vopreannrn and SERNeWALD, Ber, ey, 62, 1759,
. - : of
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regulating the rate of addition so that the internal temperature
is maintained at 70° C. by the heat of reaction. The contents of
the flask suddenly turn blue and the trichloronitrose methane
commences to distil, collecting in the receiver, which is cooled
by ice, as a blue liquid. The yield is 75-80%,.

PHysIcAL AND CHEMICAL PROPERTIES

It is a dark blue liquid which when boiled at ordinary pressures
partially decomposes. It boils undecomposed at 5°C. at a
pressure of 70 mm. Its specific gravity is 1-5 at 20° C.

It is insoluble in water, but dissolves in the common organic
solvents. On storing at ordinary temperature in a sealed glass
container, it decomposes in 2-3 months with formation of nitrosyl
chloride, oxides of nitrogen and chloropicrin. It is much more
stable in solution.

It reacts slowly with aqueous alkaline solutions and rapidly in
presence of ether,

Oxygen and oxidising agents transform it into various
compounds, among which chloropicrin has been identified. On

~ reduction with hydrogen sulphide, dichloro formoxime (see p. 77)

is formed ;
CCLNO 4- H,S — Cl; = C = NOI - § 4 1ICL.

The vapour of trichloronitroso methane strongly attacks
rubber.

Both in the liquid and the vapour states it has a disagreeable
odour ; irritation is caused to thc eyes and to the respiratory
tract, lachrymation and coughing being produced.

2. Chloropicrin. CCLLNO, (M.Wt. 164-5)

Chloropicrin, or trichloronitromethane, was prepared in 1848
by Stenhouse.! In the war of 1914-18 it was largely employed
as a wir gas, more particularly as it combined a simple and
economic manufacture with many of the characteristic desiderata
of 2 war gas.

It was first employed by the Russians in 1916 in hand-grenades,

" dissolved in sulphuryl chloride {50%).

Chloropicrin is also known as *“ Klop " (Germany), " Aquinite '

& (France), and ** 'S " (America).

It has found application as an insecticide and fungicide ? and

T has been used for eradicating rats from ships.?

! Stonitouse, Ann., 1848, 66, 241,
P -~ ] R . O

T e 1me . Tl I sr .
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PREPARATION

Varions methods have been proposed for the preparation of
chloropicrin.  For cxample :

{1) By the action of picric acid on calcium hypochlorite.!

{2) By the action of chlorine on nitromethane or mercury
fuiminate.®

(3) By the action of nitric acid on certain chlorinated organic
compounds, as chloreform,® chloral, trichloroecthylene,® etc.

{4) Dy the action ol a mixturc ol nitric and hydrochloric acids
on the by-products of acctone manufacture.®

The method which was most used during the war of 1914-18
was that of the action of picric acid on calcium hypochlorite.
This method was not very suitable in practice, for it required
as raw material a substance not easily spared during the war,
when it was needed for the explosive industry. The other
metliods of production referred to above have been studied since
the war, showing the interest of chiemists in working out a method
which does not require the use of a raw material of limited
accessibility.

LARORATORY PREPARATION

Chloropicrin may be prepared in the laboratory by the method
proposed by Holfmann.?

550 . chloride of lime made into a paste with about 1 litre
waler are ptaced in a 5-litre flask. A paste of sodium picrale,
made by mixing 50 gm. picric acid with 10 gm. sodinm hydroxide
and 250 ml. water, is added with continuous stirring. The flask
is then fitted with a stopper carrying a long condenser and the
contents steam-distilled until no more oily droplets come over.

The reaction takes place verv rapidly and is completed in
about § hour. ‘Fhe oily distillate is separated from the water in
a separatory funnel, dried over calcium chioride and redistilled.

Yield 70%, of the theoretical.

Inptstial, MANUFAGIURY

The varions methods used during the war for the manufacture
of chloropicrin do not differ greatly from Hoflmann's method
given above.

Y Stennousk, Aus., 1848, 66, 241 ; TTorFMANN, Aan., 1866, 139, 111,

* KERuLk, Axn., 1857, 101, 204,

¥ Mivvs, A, 1871, 160, 117,

¢ [erurk, Adauw. 1857, 101, 252 ; N. Dawara anid Soare, Dul, chim, soc.
romdnd stiinfe, 1932, 35, 53.

R Brrrows aned Huntiew, [ Chem, Sor, 1932, 1357,

G, SANNA, Mend sem, fac. ses. Caglian, 1933, 2, 87,

P loFrmann. Ann, 1860, 139, 11

CHLORBIPICRIN : MANUFACTURE \17

[n the Genman plants a paste of chloide of line and waler
was treated in large vessels of 2--3 . diameter amd 4-5 m. depih
with picric acid addedd in stall amonnts at a time, the temperature
being maintained at about 307 C. “The mixture was then distilied
in a current of steam, the distillate heing collected in large
receivers where the chloropicrin was separated from waler,

The Americans preferred to use calcium picrate instead of the
sparingly soluble picric acid, proceeding in the following
manner !

A paste of chloride of lime was first prepared and pumped
into a vertical vessel of enamelled iron where it was mixed with
calcium pictate prepared previously by mixing pictie acid with
waler and an excess of lime. The mixture was allowed 1o
react al ordinary tempeiatures for aboul 2 howrs and then g
carrent of steam was introduoced at the bottom of tie vessel  In
these conditions the rise in temperature accelerated the reaction
anel at 857 C. the chilorepicrin began o distil.  Distillation was
continuel uniil no more chloropicrin came over.

According to a patent by Orton and Pope,? chlorapicrin may
also be obtained by the direct action of chilorine on picvie acid,
or other nitro-derivalive of phenol or of naphihol :

Cellg{NO,),0 -k 11Cly - 51,0 = 3CCLNO, -1 131ICL 4 300,

The reaction is carriesd ont in alkaline solution {sadinm or
polassium  hydroxide, or a mixture of the corresponding
carbonates) so as to dissolve the nilro-compound and Lo nentialise
the hydrochloric acil which otherwise inipedes (he chletiuation
of the picric acid. The reaction takes place very readily at a low
temperature {hetween o and 57 ().

Recently a new method of preparation of chilorapiciin has been
workerd ont in Rumania.®  This uses pefrolenm as raw martesial
The principal stages of the prepacation of chlrropicrin by this
process are as follows :

(@) Nitration of hydrocarbons present in the petroleum.

() Chlorination  of the nitro-componnds  abtained with
chloride of lime.

(e} Distillation of the chlaropicrin in a current of stemn,

PrysIiCAL AND CHEMICAL PROPERTIES

Chloropicrin in the pure state is a slightly oily, colnutless,
refractive hquid with a characteristic odour,  The cinde produet
is yellow due to impurities.

YTroMmiren awel call , o fwd Eag, Chenr, 1020, 12, 1008

Y Orton aned Foer, Faer, Pat 142,878/ 1q18
T HanuLescw sl SECarpany, Autiger, 1927, Na n 1t
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It boils at 112° C. at 760 inm. pressure and at 449° C. at 40 mm,
of mercury.! It solidifies at — 6g-2° C.

It may be distilled in a current of steam without decomposition,

The specific gravity of chloropicrin between 0° and 50°C. is
as follows :

TEMPERATURE (* C) 5.G, TEMPERATURE (° C.) S.G.
0 1-6g30 30 1-6400
10 1-0755 40 1-6219
20 1-6579 50 1-6037

The coefficient of expansion at various temperatures is as
foliows :

At o°C.
At 10° C.

Its specific heat between 15° and 35°C. is 0-235, its latent
lieat of evaporation is 59 calories. Its vapour density compared
with that of air is 5:6y. The vapour tension ol chloropicrin at
any temperaturc £ may be calculated empirically 2 by employing
the formula (see p. 5} :

At 30°C. . o0-00106
At 50°C. . o-00110

0'DL102
0°00103

20452
273 + ¢

In the following (able the values of the vapour tension are
reported together with the corresponding volatilities at various
temperatures 3 :

log pr = 8-2424 —

JEMPRRATURY VATOUR THNSION VOLATILITY
°c, MM. IIG. MM fUULM,

0 591 57,120

10 10-87 101,400

15 1412 120,400

20 18-91 170,300

25 2381 210,900

30 30°50 265,700

35 40°14 343.800

50 Bo-y 659,300

L Cossa, Gaze. chinr. lial., 1872, 2, 181,
S raxrr e amf Nesrvnpoueree [0 b Chem. Sor , tazo, A2, 1186,

)

CHLOROPICRIN : PHYSICAL PROPERTIES 10y

The solubility of chloropicrin in water is very low ; according
to Thompson and Black ! 100 gm. water dissolve (he following
amounts of chiloropicrin :

°c. GM.

Y 022

L I 019
20 017

30 0I5
40 014
75 01T

The solubility of water in chloropicrin is also very low :

C. GM. IN 100 GM, WATER
32 01003
36 01185
48 1647
55 02205

These low mutual solubilities facilitate their separation in the
preparation and render drying of the chloropicrin unnecessary,
unless it is to be employed for some special purpose, as, for
example, in “ NC " mixture (0%, chloropicrin and 20%, stannic
chioride).

Chloropicrin dissolves easily in benzine, carbon disuiphide and
ethyl alcohol (1 part dissolves 3-7 parts chloropicrin at water-bath
temperature). In ether it is, however, relatively sparingly
soluble. (At 11°C., 5 volumes ether dissolve 15 volumes
chloropicrin—Cossa.)

Chloropicrin is a fairly stable compound. It is not hydrolysed
by water # and not attacked by mineral acids like hydrochloric,
nitric and sulphuric, either cold or hot. Ouly 20%, olcum
decomposes it with formation of phosgene and nitrosyl sulphuric
acid.?

On heating to 112° C., according to some anthorities (Sienhouse,
Cossa, etc.), it distils unchanged, while, according to others,*
when maintained gently boiling it parctially decomposes into
phosgene and nitrosy! chloride :

CCi,NO, — COCl, -+ NOCL

The presence of some metals like copper, tin, zinc, alnminium,
iron and lead only slightly influences the velocity of decomposition
even at boiling point.s

VP Tuomrson and Yeack, Jo D Fug Chen., 1920, 12, 1066

P RonNa, Z. ges. expt urd | v 17, 00

T eaprAs Jitel oo, t T
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By passing chlorppicrin in the vapour slate through a red-hot
tube of quartz or porcelain, it decomposes with formation of
chinrine and nitric oxide, while hexaclioroethane deposits on the
cold part of the tube.!

According to the researchies of 1’iutti,? chloropicrin decommposes
as follows when exposed to ultra-violet rays: -

CCHNQ, —» NOCL - COCly —» €O +- Chy.

A simpilar decomposition takes place when an aqueous soiution
of cliloropicrin is shaken with wood-charceal, previously activated
by treatment with sodinm hydroxide and heating to 450° C.3

Reducing agents converl it into various products according
te the natwe of the redocant and the conditions of reduction.
Thus Raschig?  oblained cyanogen chiloride  with  stannous
chlaride and hyvdrochloric acid ; Geisse,® with iron filings and
acetic acid, obtained methylamine :

COLNG, | 63, = CI,N, - 3TICH - 210,0.

Frankiand * abserved that the best results are obtained in this
reaction by adding the chloropictin inn small portions to a mixture
of iron filings and acidified water.

On treatment of chloropicrin with an aqueous solution of
sodiumt of polassivm hydroxide there is no reaction, but if
alcoholic soda or potash is employed, a gradual decomposition
takes place and after a time crystals of polassium chlotide
separate.

Aguicans wmmmonia does not react with chloropiciin. However,
if the Iaiter is saturated with ammonia gas, or even brought inlo
reaction with an aleoholic solution of ammonia, ammoninm
chloride and nitrafe are formed (Stenhouse).  According o
Haolfmann,” on heating chloropicrin in an autoclave to 100"C.
with an alcoholic solution of ammonia, guanidine is formed
according to the following equation :

NII,
COLNO, | NI, - NEHE ('( [- 3 HCL 4- TIND,
N1,

By the action of alcoholic sodium sulphide ® on chioropicrin
also dissolved in alcohol, a violent reaction takes place, licat is

' SiEnHoGsR, dan, 1848, 66, 214

A Ty and Mazza, LM ncead. sri. Napoli, 1920, 32, o7,
YVArExEpevsKky, foObceer Whim | Ser A a3z, 2, 341,

C Masenn;, Ber A BKg5 1R, 3q2h.

*GRissE, dAne | 1Rsy, 109, 2Ky,

* Fravktann, o Chem Sor ooy, 115, 150,

T Hhoresmann, Her, 1RBOH 1, 145

PoRarsov amd Meewigoy, O Obseri Kheme, Ser. AL, tayz, 2, 2oz,

CHLOROPICKIN : CHEMICAL PROPERPITS )7[

developed and a tarry material sepivates.  Acenrding to the
conditions of the reaction there are finmed caabon monnvide,
nitric oxide, nitrogen, carbon <ioxide, sodium chlovide, sulphnr.
etc.

2 CCLNO, + 3 Na,5 = 35 - N, 4 2 CO, -} 0 Nall
2 CC‘JNO, + 3 NE‘I,S == 3 S ‘}‘ 2 CO -*' 2 NO 'i’ 0O Nﬂ(‘l

Chloropicrin reacts with sodium or potassium suiphite, [mming
the corresponding salt of nitromethane disulphonic acid !

CCLNO, -+ 3N3,50, -+ 13,0 = CHNOSO,Na), - 3Nat1 | Nahis,

This 1eaction must be Lrought aboul by heating Lo 0% to
100° C., and takes place very rapidly in aleoholic as swell as
aqueous solution. The product of the 1eaction, sadonm nitro
incthane disutplionate, forms small spheroidal plates, soluble
with difficully in cald water bul easily in hot water  Aveording
to Rntllkc,’-if the teactants are healed excessively o <all s
oblained which no longer contains the NO,-- jroup and to
which he attributes the formula CII{SO;Na),.

By the action of potassium bramide on chloropinim, tiihtomo
nitromethane or bromopicrin is obtained, together with carbon
tetrabromide, nitromcthane, ete.

Potassiin iodide reacts with chioropictin, giving no triiado
nitromethane, but campletely decomposing the moleenle with
formation of carbon tetraindide, as follows 3 :

CCI,NO, 4 4KI = CI; 4- 3KCl - KNO,,

Iiven in the presence of insuflicient potassium iodide, no
triiode nitromethane is formed.

Sodium cyanide inagquesus-alcoholicsoluntioniearisenetpetically
with chioropicrin to form various compounds @ <olinne chlnide,
nitrite, carbonate and oxalate, cyanogen chioride, efd!

Chlovopicrin reacts even at ordinary tengperatuie with codinm
ethylate, forming sodivm nitrite and chloride and the frtia cthyl
ester of o thocarbonic acid *

CCLNO, -k 4CalI,ONa = C(OC,H ), - 3NaCl |- NaNO,,

Sodinm methylate reacts similaly.”  This reactron adeo
takes place when sodiuvm reacts with an alcohotic selntion of
chloropicrin.”

1 Rankr., Ann., 1872, 161, 153 BACRFR, Rre. frav rham, 19y, 49, ving,

1 Ratnke, e, 1873, 167, 219

1 ;. . Ssveury, Jo Khim, Promisel 1930, 7, 1168, ‘

1 [taserrr, Jahvesh. fortschr. Chet 1866, 494 1 NPKRASSOV, of r1f

€)1 Qtassear, e, 1864, 132, 540 Rose, Adwn (8%, 205, 29y,

.

T

. Manver, Rer,. tga7, 60, 1341,
ALEXEJEVSKY, [. KChim, Plromrscl. 1931, 8. 50
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Clloiapiciin reacts with mereaptans at the ordipary fempera-
ture, Iomming hydrochloric acid and the ester of orlhonitro
trithioformic acid :

3R.SH -|- CCI,NO, = (R.S);—C—NO, - 3HCL.

The researches of Ray and Das ' show that on heating, the
reaction takes place very rapidly and nitrous gases are evolved @

2{R.5);-—C—NQ, - » (R.5),—(—O0—C—(R.S); + N,0;.

Later tesearches by Nekiassov,? however, have demonstraled
that chloropicriu in these conditions behaves as an oxidising
agent on the mercaptan, so that a disulphide of the {ormula
R.5.5. 10 and also carbon monoxide and nitrogen are formed.

2{R.S);—C—NO, —» JR—S —S—R 4- 2C0, |- N,.

I this 1eaction between chlvopicrin and  mercaptans, an
intense yellowish-red colouration is produced, which appears as
readily in presence of potassiuin mercaptide as willi the free
mercaptan.  As an insoluble substance is formed, this reaction
may be employed for the detection of chloropicrin (sec p. 178).

Chlovopicrin oxidises hydrazine * even at the ordinary tempera-
turc, evolving nitrogen. Trouov and Gershevich® have stwdied
the velocity of the reaction hetween chloropicrin and hydrazine
in various solvents {alcolwl, elher, carbon disulphide, etc.).

By the action of the sodinm salis of the arylarsenious or
alkylarsenious acids on chioropiciin in alcoholic solution, a reaction
takes place which is first gentle and then very violent and leads
to the formation of the following compounds & :

ONa R O
R-As< 4 CCLNQ, = Nall 4- >As(
‘ONa NO,CL,C ONu
>As\ + 2 NaQIll = RAs&O -+ CNaCLNOQ, |- IT,0
ONa \ONa

NO,CIL,C

Much «data has been accumulated on the behaviour of chlore-
picrin it contact with metals.  According to Ireland,® chloropicrin
attacks steel slightly and copper ind lead very cnergetivally.
American publications, however, assert that chloropicrin aftacks
all metals.  The corrosion of metals is confined to superficial

Y IRay aned Tas, f Chem. Soc, 1aiq, 115, 1308 0 1922, 121, 323.

1 Nrknrassov anrd MeLNtkav, Her,, 102a, 62, z0g1.

YA K Macneog ol JOU Vaaty, fo Chen. Sec, tger, 119, 13506
U Fronav aadd Gornsunvaen, f Bk fis e ehse 1028, 60, i7t.

PoJaxvmavien, fooprakt Chem (NOF), 1033, 138, 150,

ey acen Aedieal Aot nf tias Warders, Washinglan, 10920, 108
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staining, a layer being formed which profects the welal from
further corrosion.

Chloropicrin is one of the war gases most easily held hack by
aclive carbon

Fibrous materials absorl relatively little chilosopicem vapeur
and me ot changed in resislance or colour.  The abeorbed
chloropicrin may usually be rethoved by a cwirent of iy e ?

Chloropicrin in vapour form strongly irrtates the cves
According to American observations {Iries), a man's cves are
closed after 3-30 seconds’ exposure Lo an atinosphirie containing
2-25 mgm. chloropicrin per cu. m. of ajr. At a eancentation of
g mgm. per cu. m. the eyes coonmence to kelirymate T and the
limit of insupportability is about 50 mgm. per ru m

Besiles its initant action, chloropicrin s o tovie and
asphyxiating action.  The modtality-puoduct iz 20000 aeecrdimg
to Prentiss,* and according to Fernn s 12,000 for «does and
cavies,h and to Ritlop 15,000 to 20,000 for cats 8

3. Telrachloro dinilroethane (MWL ~59)

CCLNO,

(l,'(l],N()2

This subslance was first prepared by Kolbe? who did not,
however, succeed in delermining ils physical and chemical
characteristics. It was later ebtained by Biliz,® by the artion of
fuming nitric acid, or a mixture of nitric acid and concentrated
sulphuric acid, on tetrachloroethylene,

It may alse he oblained by the action of anhvdious nitiogen
peroxide on fetrachlorocthylene at 1o-12 atmospheres anid
60° Lo 80" C. for 3-0 hours (Biltz). '

Laporarory PreEravarion (B3nrz)

5 gm. tetrachloroelhivlene and about 8 gm. mitrogen peroxide
are placed in a glass tube which is sealed off in the blowpipe and
then heated at too” C. for about 3 hours,  After caoling, the
tube is opencd, the contents poured into a hasin and the
excess nitrogen peroxide allowed to evaporate ofi a2t 1oom
temperature.  The solid white residue is then rediseolved in warm

VL S TTarnen, f Awm. Chem. Sor | 1o, A2, 172 llrenst, Hrochkem. 7,
1n2t, 15, 204,

T ArEXEIRVSRY, [ Prdl [Chim, aa, B, 08y

). Kiss, X ges. Schiecc.Sprengstaffn | 1030, 25, 200, jou,

A U'rreniss, Cheovdreals 0 Var, New Yok, 1035, 16

f Frrr and Manesing, Giorn 46 Medicora fMiditare, 10360

* Roeore, Zoges. Expo Aled | a3e, 106, 2090

PO Kerree, Ber 180n, 2, 120,

UL Baag, Her tona, A5, 1524,
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described previvusly, s provoked by hinely divided solid particies,
which on liberition in the air f[orm true siokes and are known as
the ** fovic smokes.”  Thenyl dichloroarsine is an exception, not
being o smoke.

Most of the aliphatic and aromatic arsines employed during
the war of 1G14-18 were substinces which had been known for
some time. The only new substances are the chlorovinyl arsines
and phenarsazine chloide, of whosce practical efficiency somewhat
cotflicting opitions are still hekd.

The fact that during the war only the compoeunds mentioned
above were aclually used docs not indicate that they were
superior to others which have heen prepared and studied.
Nevertheless, it is probable that preference will be given to those
substances whose range of application is known, withput using
compoids of unceriain scope,

(A) ALIPHATIC ARSINES

The aliphatic arsines are substauces which are generally liquid
and oily, have a not unpleasant odour, are somewhat miscible with
water, but are all more or less rapidly hydrolysed as follows :

Cl 11
R—A5<Cl + 1]>0 = R-AsQ - 2 HCI

These substances, though wmose powerfully toxic than the
aromatic arsines, are of minor importance because of their rapid
diffusion in the air without forming acrosols.

Liven the clilorovinyl arsines, although they are easily prepared,
dv not scem to he sufiiciently aggressive in their action to replace
the aromatic arsines. According to several authorities,! experi-
ments on the methods of military applicativn aof the chlorovinyl
arsines have been abandoned cven in America.

Of the aliphbatic arsines, only ethyl dichloroarsine has been
witely employcd as a war gas. and is considered as the typical
substance for use in projectiles.  Metliyl dichloroarsine is classed

by some German authors 2 as a substance which was studied in - |

the post-war period, bul according to an American authority it
wis actually employed by the Allies towirds the end of ihe war,
though only in small quantity.?

Since the war, vatious other compounds of similar properties
andd method of preparation have been prepared and studied.

Vollassvvan, Der Cheminche Ky, Vethin, 1927, 6,
TUE Muriee, fhe Chessahe Watfe, Werling 1932, 141,

)
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Yor instance, dimelhyl chioroarsine (b.p. 106-5° to 107°C),
dimethyl bromaoarsine ' {b.p. 128° to 129° (), dimethyl fluoro-
arsine,? methyl dicyanoarsine? (m.p. 115:5° lo 116-5°C.), eth.yl
dibromoarsine, ctc. AN of these have aggressive properites
inferior to those of methyl dichloroarsine.

Homologues of melhyl dichloroarsine have also been prepared :

n-Bulyl-dichioroarsine,* C,HyAsCl,, obtained by the action of
hydrochloric acid on u-butyl arsenic acid in the presence of
sulphur dioxide, is an oily liquid boiting at 192° to 1g4° C.

Iso-amyl dichloroarsine, CyH,,AsCls, obtained by the action of
phosphorus trichloride on fs0-amyl arsenic acid, is a liquid boiling
at 88-5° to g1-5° C. at 15 mm. mercury pressurc.

This latter substance has great irritant power {Licbermann).

J. Methyl Dichloroarsine (M.WVt. 161)

Cl
CH, — As¢
ol
Methyl dichloroarsine was prepared by Bayer ¢ in 1858 by two
different methods :

{a) By the decompasition of cacody! trichloride at 40° to 50° .

CI\ ,CH, Ct
Cl—As< — CH,As< 4- CH,CI
Cl/ “CH, Cl

(6} By the action of gaseous hydrochioric acid on cacodylic
acid 7:

CH, C
AsOOH - 3 HCI = CH,-As< 4 CH,CL + 2 H,0
CH, 1

Methyl dichloroarsine may also be obtained by treating
dimethyl arsine with chlorine ¥ :

CH,

Cl

As-H 420l = CHyAs( - CILCI 4- 11Tl
CH; Ci

I StewkorF and Scuwen, fler., 1921, 54, 1454,

t Bunsun, Ann., 1841, 37, 38.

¥ GryszriEwicz and TRociMovsky, Bull. soc. chime., 1927, 41, 1323,

L Quick and AvaMs, J. Am, Chem. Soc., 1922, 44, Bos ; HanzLk, J. Pharmac.,
1919, 14, 221.

3 STRINKOPF and Miea, Her., 1920, 53, 1015,

¢ BavER, Aun., 1858, 107, 209.
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274 ARSENIC COMPQUNDS

or, according (o Auger,' by bringing about the reaclion between
methyl arsenic acid and phosphorus trichloride, which Dboth
reduces and chlorinates ;

éon ¢
Cl,-As&0O - PCL - HPO, 4 CH,As{ - JIC
\NOIT Cl

It is easily understood thal this reaction, though convenient
enough for the laboratory preparation of methyl dichloroarsine,
is unl suifable for its industiial manufacture because of the
difliculty of procuring large quantities of the raw malerials.
The fack of an casy and simple method of manufacture may be
considered as one of the principal causes which prevented methyl
dichlotoarsine from being employed as a war gas until the very
end of the war, when only the Americans succeeded in producing
it on an industrial seale by a sintple method,

The method used by the Americans 2 commmenced with sodinm
arsenite and dimethyl sulphate, and proceeded by the following
slages .

(1) Methylation of the sodinm ausenite with dimelhyl sulphate®:

CIi CIT ONa
NayAsO; - ’)30‘ - ’)so. + CH,ASZ O
CH, a “ONa

{2) Reduction of the sodium methyl arsenate with sulphur
dioxide, after acidificalion : .

¢ LON:[ )
ITn-As\-gNn + 50, = Na,S0, -+ CH,-As-0
(3) Chlotination of the inethyl arsenious oxide with hydrochloric
agid -

Cl
ClH,As=0 4 2 1IC] = ('H,As( -+ H,0
Cl

LLABORATORY PREFARATION

In the Jaboratory, metiiyl diehloroarsine may be prepared by
the method indicated above

oo gm. arsenious oxile are placed in a wide-mouthed glass
flask of 1 fitre capacily, a solulion of 120 g, sodium hydroxide
in 150 gm, water s added and the whole heated on a waler-bath

VAR, Campl, rend. | vanh, 142, 1161

T Ui and Cook, JoIwd g Chem,, gy, 11, 105,
TR qoqsBo/March rsth, a2y,

Y Nrspizescy, Antigns, g, Nooog,

~ T’
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al 80" C. untit the arsenions oxide is completely  dicsolved.
Then, without heating, but stitiing vigoronsly with a mechaniead
agitator, 04 gm. dimethyl sulphate are adrded little by little,
The reaction hetween sadinnn aisenite aned dimethy, <olphale i
highly exotheimic and {he rade of addition of the latter shonlkd
be so regulated that the temparature does not rise above 837 ¢

When all the dimethyl sulphale has been added, the fale .
fitted with a reflux condenser and the contents boiled for > B
The sodinm sall of methyl arsenie acid is obtained. T s allowed
to cool and a small amount of potassiinn iodide is added, alter
which a cunrent of sulphar dioxide is passed through the hignd
unfil il is saturated {abont 0 lwars). The mixture is again holed
under reflux for about an hour . dwing this petiod, an oly
substance consisting of methyl arsenions oxtde deposits ot the
botiom of the flask, where it is saduraled with aenrent of gaseon<
hydiochloric acid, while the flask is cooled externaliv, On
allaining compiete saturation, the fiask is connecfed awith a
Liebig’s condenser and the Tigquid distilled. Much liydivee hilorie
acild is evolved al first ;) Inter o mixture of lrydiachlaric aeid
ad  methyl cdichloroarsine distils over. The «hishillation s
contintied until no more oily liquid condenses.  The distillate is
placed in a scparatory funnel and the oily layer sepinated amd
distilled.

INDUSTRIAT MANUFACTURE

A diagram of the American plant for the manufacture of metind
dichloroarsine is shown as Fig. 13,

The reaction takes place in a Plandler kettle o of about 100
gallons capacily, which is double-walled to allow of slteam-
heating and fitted with a mechanical agitator . At the lon of the
lid two three-way cocks R and K’ are litled. The cock K errves
for (he intredduction of the reactiants and is connecled with alone
leaden tube which reaches alinnst to the bottem,  This rock aleo
conncels holh willi the receiver (7 containing sodimn arsenife,
and with the two cylinders 71" of sulphur dioxide, with o pipe 0
{hrrough which the dimethyl sulphaie enters and also witl i smaller
Plaudler vessel /#, of aboul 50 gallons capacity. in which the
hydrachloric acid is prepared.  The sulphuric acid which 1< aseed
far prepating the hydrachlonie acid is contained i the vessel
which is fed from the storage vessel J2 by means ol a pinp

The three-way cock R serves to carry off the rcactiom puodints
and leads eme way o a wader-cooled condenser AT aned the ofhier
{n a reflux condenser P2, ennsisting of a [ead enil cantaine D in an
iron cylinder ftl of ice and water, and leading 1o two <ight
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bottles, I and L, by means of which any escape of gas {rom the
apparatus may be observed.

A solution ol sodivun arsemie 1s st piepared in the container C
by dissolving 42 kg. arsenious oxide in a solution of 64 kg, of
NaOH in 188 kg. water. When it has completely dissolved the
solution is introduced into the Pfaudler kettle 4 and then 64 kg.
methy! suiphate are added through the pipe O, maintaining the
temperature at about 85°C. ‘The completion of the conversion

ARSENIC COMPOUNDS
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N

of the sodium arsenite into sodium methyl arsenate is shown by
a drop in temperature. When this veaches 50° to 55° €. a current
of sulphur dioxide is introduced from the cylinders D and D' and
bubbles through the reaction product, which is maintained at
05° C., until complete saturalion is attained and the reduction te
methyl arsenious oxide complete. A curremt of gaseous Lhydro-
chloric acid is then passed in through the cock K to complete
saturation, and linally the mixture is distilled.

The distillate is collected in a separatory vessel, and the oily
layer dried with calcium chloride and fractionally distilled from
an oil-bath. The methyl dichloroarsine passes over between
129° and 133° C.

Puysical AND CHEMICA)L PROPERTIES

Methiyl dichloroarsine is a mobile, colourless liquid which has a
characteristic odour and does not fume in the air.

)

METHYL DICHLOROARSINIE . PROPERTILS )

It boils at 37° C. at 25 mm.,! at 55-5° C. at 50 mm. 2at y2-1° C.
at 100 nun.,2 at 8g-1° C. at zon mm.2 and at 132° to 133°C. at
ordinary pressure. Its melling point is  42-5” C. {Gibson) and
its specitic gravity 1-838 at 207 C. [t has a vapow density of 5-5
and a coeflicient of thermal expansion of o-voroz.

The vapour tension at a temperature # may be calculated from
the formula (sce p. 5).
2281-7
273 -4

The values of the vapour teusion at the {ollowing temperates
ared:

log p = 80944 —

» IEMPERATURE VAPOUR TENSION

°C. MINL. NIETCHTY
— 15 0-h7
) 2-17
15 594
25 1083
35 19:33

The volatility of methyl dichloroarsine at 20° C. is 74,900 mgm.
per cu. m. of air.

It dissolves in water {1 gm. in 1,000 ml. water), being apidly
hydrolysed according to the equation*:

CHASCl, -1 H,0 = CHLAsO - 2HCL

It is, however, easily soluble in the common organic solvents.
In contact with alkaline solutions, methyl dichleroarsine is
quantitatively decomposed :

CH,ASCl, + 2NaOIl = CH,AsO -+ 2NaCl + H,0,

forming methy!l arsenious oxide, as with water. This oxide is
crystalline and colourless, has an odour of asafeetida and melts
at g5° C. lts density is 248 and it is soluble in water, alcohol,
ether and benzene and readily volatile in steam.®

Solutions of methyl dichlorcatsine in carbon disulphide when
cooled to — 10° C., easity absorh chiorine forming large crystals
of methyl tetrachloroarsine, which decampose at 0° C. into methy!
chloride and arsenic trichloride ® :

CH,ASCl, + Cly—> Cl As- -l — CHCl 4+ AsCl,,

! Hersst, Kolloidchem. Bethefle, 1920, 23, 113.

' GissoN and Jounson, J. Chem. Soc., 1931, 25:0.

? PBAXTER amd BezzeRoeRGER, ], Dm, Ckem. S8, 1920, 12, 1380

CApams, Private compmunication ;. Har71ss unl GAveoN, theaar
Comprounds, New Yurk, 1923, 41.

b Jtarziss and GAVRON, op. cil.

* BAYER, Ann., 1858, 107, 28¢.

H RRRTERN



278 ) ARSENIC COMPOUNDS
Methyl dichloroarsine reacts with bromine water, furming
methyl arsenic acid :

CHyAs=Cly - H,0 = CHLASO 4- 2 11C]
CH,AsO - 2 H,0 4 Br, = CH,ASO(OH), 42 HBr

Methyl arsenic acid forms acicules with a melting point of
159° C. It is also obtained by the action of hydrogen peroxide
on methyl dichloroarsine. !

Like ail the halogenated arsines, gaseous ammonia converts it
quantitalively into methyl arsinimide,? CHzAs=NI. This
forms crystals which have an iiritating odour and vesicant power
and melt at 2zo5° C.

In dry ether solution, methyl dichloroarsine does not react
with magnesium, though in presence of water the reaction is
violent : methyl arsine, hydrogen, methane and a compound,
{CIT;As),, are formed. Zinc reacts similarly.?

With hydrogen sulphide, methyl arsenions monosulphide is
formed (Bayer) :

CILASCly |- 11,8 = CH,AsS -f- 21ICL.

This compound forms acicular crystals or small prisins with
melting point 110°C. A detection reaction for the primary
arsines is based on this sulphide formation ¢ (see p. 328).

Aqueous solutions of methyl dichlorearsine reduce ammeoniacal
silver nitrate solutions {(Nametkin).

Methyl dichloroarsine reacls with acetylene in presence of
anhydrous alumintum cliloride, forming a mixture of & :

(i} B chlorovinyl methyl chioroirsine of the formula

A <u
‘I,-As
*UUNCH=CH - ¢

This 1s a hquid with a boiling point of 112° to 115° C. at 10 mm.
mercury pressure, which behaves chemically in a similar manner
to methyl dichloroarsine. It has a lesser irritant power, but has
a vesicant action on the skin, producing blisters which are
difficult to heal,

U lbackek and coll., Kec. frav, Chim., 1415, 94, 186,

! jraniev and coll., Her., 1y29, 62, 598,

* Zarpl, Bull. soc, chim., 14918, 23, 322,

' S NaMmeTKIN and W, NEKrassov, 2. qnal. Chem., 1q2a, 77, 285,
3 13as GurTa, J. Ind. Chem, Sor., 1936, 13, 305.

) ETHYL DICHLOROARSINE : PREPARATION 2 )
{i) BB’ dichlorovinyl methylsine
CIL=CHCI
CH_-,—AS(
CiI=CHC(l

a liquid, with b.p. 140° to 145° C. at 10 mm. mercury pressure,
having physiopathological properties similar to the preceding.
Dry methyl dichloroarsine does not altack iron or zinc

. {Prentiss). .

The lower limit of irritation is 2 mgm. per cu. m. of air (Miiller).
The maximum concentration which a nonnal man can breathe
for a period not greater than 1 minute is 25 mgm. per cn. m. of
air (Lustig). The lethal index is 3,000 according to Miiller awd
5,600 for 10 minutes’ exposure according to Prentiss,

The vapours of these substances have a vesicatory action of the
same type as thit of dichloroethyl sulphide.?

2. Ethyl Dichloroarsine (M.Wt. 175)

Cl
H,—As{
C.H, S\Cl
Ethyl dichloroarsine was prepared by La Coste® in 1381 hy
acting on mercury diethyl with arsenic trichloricde :

cl
z AsCly + Hg(C,H,), = 2 Czu,;\s<u + HgCl,

It may also be obtained by heating ethyl arsine in a closed
tube with mercuric, arsenic, antimony or stannous chloride.?

CoHAsl, - 2HECl, = Gl AsCL - 2Hg - 21,

or by the decomposition of 16 ethyl 5-10 dihydrophenarsazine
with gaseous hydrochloric acid 4 :

Cally .
Citi-as( "IN+ 210 = GHASC), + (G, NI
Ll ] ’

Ethyl dichloroarsine was employed in March, 1918, by the
Germans, being considered suitable for replacing dichlorocthyl
sulphide in offensive operations because of its immediate vesicant
effect and its non-persistent character.

U HANZLIK, Jor. cu.

3 L.a CosTE, Aun., 1881, 208, 33.

S DERN, Am. Chemt. four., 1908, 40, 88

4 GinsoN and Jonnsow, ). Cher Ser 1931, 508
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Recently several arsenical derivatives of napbthalene have
been prepared :

Chotly
Naplthyl methyl chioroarsine : >A5CI
CH,

Choll
and Naphthyl methyl fluoroarsine CH >ASI'
3

The binlogical properties of these have not been reported in
the literafure.?

1. Phenyl Dichloroarsine (M.Wt. 223)

Cl
CoHig—As{
LIl \Ll
Phenyl dichloroarsine was prepared in 1878 by La Coste and
Michaelis * by "passing the vapours of benzene and arsenic
trichloride through a heated tube. The product obtained was
impure with the diphenyl compound and could be purified by
distillation or crystallisation only with some difficulty. The same
workers later studied another method for its preparation.? This
is more convenient and consists in heating mercury diphenyl to
250° C. with an excess of arsenic tiichloride.

Phenyl dichloroarsine may also be obtained Dby heating
triphenylarsine with arsenic trichloride in a closed tube to 250° C.
for 30 hours 4 ;

As(Cally)y | 2AsCL = 3C,H AsCly,
or by heating phenyl mercuri-chloride witl arsenic trichloride to
100° C. for 4-5 hours (Roeder and Blasi's method).5

Lanoralory PREPARATION
Roeder and Blasi's method, nientioned above, 1s usually

employed for the. preparation. 50 gm. mercuric acetate are
dissolved in 50 ml. acetic acid i a thick-walled flask. 100 ml
benzene, free from thiophene, are added and the mixture heated
for 5 hours in a boiling water-bath. After cooling, the insoluble
part is filleved off and washed well with benzene, and the filtrate
is evaporated to a small volmme.  Phenyl mercuri-chloride is
thus obtained. 30 gm. of this are weighed into a flask, 100 gm.
arsenic trichloride added and heated on the water-bath to 100° C,
for 4-5 hours. A viscous suspension is formed first and then

U SporzvNSKY, Roceiki Chem., 1934, 14, 1293,

' LA CosvE amd Micuarns, Her,, 1878, 11, 1883,

¥ La Costr and Micuariis, Ann,, 1880, 201, 196.

* Micuarlis and RrEse, Der., 1882, 15, 2870.
Y Horper amd Bias, Ner, 1a1y, 47, 2751.

) PHENYL DICHLOROARSINE: PROPERTIES 2q. )

this is suddenly converted into a brown liquid, while crystals
separate below. After filtration, the filtrale is distilled under
reduced pressure. The excess of arsenic chloride passes over
first and then, at a much higher temperature, the phenyl
dichloroarsine.

PuysicarL Prorertiis

Phenyl dichloroarsine when pure is a colourless liquid which
gradually turif8 yellow. At ordinary pressures it boils at 255° to
257°C. and at 14 mm. pressure at 124°C. At — 20°C. it
solidifies to a microcrystalline mass. The specific gravity is
1-654 at 20° C.

Its vapour tension at temperature { may be calculated from
the formula :

3164
273 R ¢
The vapour tension at 15° C. is 0-014 mni. and the volatility at
20° C. is 404 mgm. per cu. m. The coefficient of thermal expansion
is 0-00073.

It is insoluble in water, but casily soluble in the common
organic solvents.

log = 9.150 —

CHEMICAL DPrOpERTIES

Water. Phenyl dichloroarsine on treatment with water is
hydrolysed to plienyl arsenious oxide : '
Coll4AsCly + HeO = 2111 + CollAsO.
This forms crystals melting at 142° C.! and is insoluble in water
and ether but soluble in alcohol, benzenc aud chioroform. A

polymer of phenyl arsenious oxide is also formed, probably a
dimer, of the forinula 2

C.H,—A5<2>As LT,

which forms crystals melting at 210° to 220° C.

Alkali Hydroxides. Phenyl dichlorowsine is also hydrolysed
by the action of alkali hydroxide solutions. The phenyl arsenious
oxide in presence of excess alkalt is converted to the salt of the
corresponding phenyl arsenious acid :

()Na
- 11,0
ONa

! Buicke, J. Am. Chem, Sor., 1910, 52, 29 0.
B Rrupngorr ael enll | padte o F ey 14D, e

CoH;ASO - 2 NaOIL =- CJL,I‘\S(
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This salt reacts with chloropicrin forming the sodium salt of
phenyl arsenic acid *:

ONa C il ()
Calghs{ 4 CCLNO, = NaCl -+ NAs?
NONa NOLLCY  NONa
Colly 0 ONa
As? £ 2NaOll -= Cgll, . As=0 -} NaCCLNO, -+ H,0.

NOILC” NONa NONa |

Halogens. With clilorine and plenyl dichloroarsine, an additive
compound is formed, tetrachloro phenylarsine. This decomposes
into phenyl arsenic acid m the presence of moisture,

Biomine, however, {forms no additive compound. By treatment
of pheayl dichloroarsine with excess of bromine, the molecule is
decomposed with formation of dibromobenzene, arsenic chloro-
bromide and hydiobromic acid,? as follows :

CeHAsCl, 1- 2Br, == C.b1,Br, 4- AsBrCl, + HBr.

Ammonia. By the action of gaseous bromine on phenyl
dichloroarsine in benzene solution, phenyl arsenimide® is abtuined:

ColigAsCly - 3NIL, = C U, AsNH |- 2NII,CL.
This foris crystals melting at 26-5° C. and decomposes rapidly
with formation of phenyl arsenious vxide by the action of water
or even on exposure Lo moist wiv :
Coll ASNIL -} HL,0 = CoH AsO |- NI,

Phenyl arsenimide Loth dispersed in the air and in solution
has a very irritant action on the skin.t

Amines. Primary and secondary amines, both of the aliphatic
and aromatic series, react vigotously with phenyl dichloroarsine,
giving compounds of the following types :

NI-R
Cl

and liberating Liydrochloric acid.  With aniline, for example, a
comnpound of the following structure is formed ;
NHC,H,
C.II,AS(
1
This is readily hydrolysed by the action of moisture forming
phenyl! arsenious oxide and aniline hydrochloride.

<N(R)2

Cl 15A5< and  UH As
Cl

! jakurovici, [ pr. Cho (N.T7), 1033, 138, t50.

¥ Kalziss and GAVRON, Organtc Arsenrcal Compounds, New Yurk, 1923, 115.
3 Micnagtis, Ann., 1902, 320, 201,

¢ Traney anmd coll., fler., 1920, 62, 5%

PHENYL DICHLOROARSINE : PROPERTIES 3or

With diplienylamine, 10 chloro 5-10 dihydro phenarsazine is
formed 1

Cll
ClTASCl, |- NIHC I ), = NII< ¢ ‘)Ascl 4 e, - HCH
C,li,

]

With tertiary aliphatic amines, additive products are formmed ;
triethylamtuc, for instance, forms ;

L]

H.-A / 8
C. 15— S
\N(C,Hy),

Hydrogen Sulphide. By the action of hydrogen sulphide on
phenyl dichloroarsine in alcoholic solution, phenyl arsenious
sulphide,? C,IT,AsS, is praduced in cryslals melting at 152°C.,?
or 174° to 176° C.3 This reaction is very sensitive, and as the
sulphide obtained is insoluble in water, its [ormation may be
employed to detect small quantities of the arsine {0-05 mgm. in
I ml. water).

Silver Cyanide. By prolonged boiling {5 hours) ol silver
cyanide with pheny!l dichloroarsine in benzene solution, phenyl
dicyanoarsine,* C,H As(CN),, is formmed as crystals with an
odour which is both aromatic and also resembles hydrocyanic
acid. It melts at 78-5° to 79-5° C., and is readily decontposed by
water or even by damp air, with formation of phenyl arsenious
oxide and hydrocyanic acid.

Acid Chlorides. Phenyl dichloroarsine, when treated with
the aliphatic acid chlorides, ¢.g., acetyl chloride, in carbon
disulphide solution and in presence of aluminium chloride, forms
acctophenone and arsenic trichloride #:

CoHASCl, 4 CELCOCH = € 1,COUL, |- AsUl,.
With chloroacetyl chloride, chloroacceiophenone is obtained & ;
CellAsCly |- CICTLCOC = - CllCOCTLET - AsCly,

Dimethyl Arsine.  With dimethyl arsine a white crystalline
product, C H;AsCi,.{CH,),AsH, is forimed, which is readily
decomposed by the action of moisture.?

L Burton aml Gisson, J. Chem, Soc . 1926, 4t tansan, [ dm. Chem. Sor
1931, 53, 370.

3 KRETOV, [. Obscei KChimi,, Ser. A, tavrn, 1, 411,

¥ OLIckE, J.oddm Cheme. Soc,, ygiu, 52, o,

fGrvskiewie? and coll., Bredl, soc. chime, 1ae7, 41, 1323,
¥ Mavinovsky, [, Obscei Khine, See. N, 1933, 5, 13155.
Fonson and coll., Kec. frao. Chim_, 1930, 49, oot
LR B R T R A RTINS P R T PR L S R
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Liphenyl Arsine. By the action of diphenyl arsine on phenyl
dichloroarsine, arsenobenzene and dipheny! chloroarsine are
formed ! :

4 CHASCL -1 4 (Colly),AsH =
= 2 CHy~As=As-CH, + 4 (CH,),AsCl + 4 HCI

Pure phenyl dichloroarsine does not attack iron.

Phenyl dichloroarsine was employed during the war of 1914-18
first by the Germans as a solvent [or diphenyl cyanoarsine and
later by the French in admixture with 40%, of diphenyl chloro-
arsine under the name of ** Sternite.”

Phenyl dichloroarsine is a lung irritant, a vesicant ? and a
lachrymatory. The maximum concentration which a normal
man can support for not more than a minute is 16 mgm. per cu. m.
of air (Flury). The mortality-product is 2,600 for 10 minutes’
exposure {Prentiss).

2. Diphenyl Chloroarsine (M.Wt. 264-5)

C.H
" Nas—cl
cH

Diphenyl chloroarsine was prepared in 1880 by La Coste and
Michaelis? by heating mercury diphenyl with phenyl dichloroarsine::

Cl
2 CG]IS'—AS<CI + (C;Ha)z Hg = 2 (C.H.-,)ZAS-Cl + HgC]z

Its employment in September 1917 was a great surprise to the
Allies because of its peculiar physical properties which enabled
it, when properly dispersed in the atmosphere, to pass through
the respirator-filters then in use.

PREPARATION

Diphenyl chloroaisine may he prepared in various ways
(1) By henting arsenic trichloride with benzene in presence
of almminiwn chloride :
2CHy -+ AsCly = (C41,),AsC] - 2HCL
{2} By the decomposition of dichlorotriphenyl arsine, obtained
by the action of chlorine on triphenyl arsine :

(C,H;),AS(CI — (Cel;).ASCl + CeHCI

' Brreke and Powen, JoAw Chem. Sor., 1932, 54, 3153%.
b Manziaen, e, cul,
! Mycnakers and La Cosir, Adun., 1880, 201, 2109,
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(3} By the aclion of phenyl magnesium bromide on sentons
oxide. Tripheuyl arsine is obtained at the same Lime.!

{4) By the reaclion between phenyl dichlotoarsine and diphenyl
arsine 2 ;

4 CoHASCl, + 4 (CHo)pAsH —> 4 (CH;),ASCl 1
2 C,H,As=AsCH; 1- 4 iC

{5) By the action of arsenic trichloride on lead tetraphenyl in
toluene solution ?:
AsCly 4 (CeHg) b = (Cell)ASCl + (Clig),PLCL,.

During the war the Allies, in order to obtuin rapid production
of diphenyl chloroarsine, followed the method of Michaclis?
modified by Morgan and Vining.® This method consists in
preparing triphenyl arsine from chlorobenzene and arsenic
trichloride, in the presence of metallic sodium :

3CHCl 4- AsCl, + O6Nu = (Cll)As |- GNall,
and then heating this substance with more arsenic trichloride :
2(CoH )3As -+ ASCly = 3(C411,),AsC.

The Germans, however, used an entirely different process (see
p. 306), based on the reaction between the diazonium salts and
sodium arsenite which Bart had studied for the first time in
1912.*

LABORATORY PREPARATION
The preparation of diphenyl chloroarsine in the laboratory 7 is

. most conveniently carried cut by Pope and Turner’s * madification

of the method of Michaelis.

57 gm. sodium cut into slices are placed in o round-bottomed
flask fitted with a reflux condenser and covered with oo ml.
benzene containing 1-2%, ethyl acetate (which catalyses the
reaction}. Afler allowing this mixture to stand for § hour {in
order to activate the metal) £30 gin. chlorobenzene and 85 gm.
arsenic chloride are slowly added. After a few minutes the
reaction is considerably accelerated, and if necessary the flask
should be cooled externally with a freezing mixture. [t is then

! Bricke and SMith, J. Am. Chem. Sar | 1929, 51, 1554,
? Bricke and Powsg, J. Am Chean. boe,, 1942, 58, 33151
¥ Govoanp and coll., J. Chem. Soc., tuzz, 121, n78.

¢ Micuagris and REESE, fler., 1882, 15, 2870,

' MorGar and ViReG, J. Chan S, 1a20, 117, 780

¢ IBarT, D.R.P, 250,264 ; Scuming, Jlnn, 1gzo, 421, 159,
! Nrwitzescu, Antigas, ta2y, No 2
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EXECUTIVE SUMMARY

The role of photochemical and microbiological transformation pro-
cesses in determining the envirommental fates of diisopropyl methyl-
phosphonate (DIMP) and dicyclopentadiene (DCPD) was investigated.

DIMP was unreactive to both direct and indirect photolysis in
distilled and natural waters. This indicates that photolysis 1is not
an lmportant process for DIMP iIn aquatic systems. Blotransformation
of DIMP also was not observed in natural waters after we attempted to
acclimatre microorganisms. Bilotransformation of DIMP was slow in soil
at 25°C and nearly nonexistent at 10°C. A half-life of more than 2
years 1s predicted for the blotransformation of DIMP to CO, in soil.

DCPD underwent photolysis only in the presence of natural water
sensitizers. A half-life of more than 76 days was estimated. Bictrans-
formation of DCPD was very slow in both soil and natural waters.
Environmental half-lives for conversion to CO; by biotransformation were
estimated to be 4 to 7 years in soil and 1 to 2 years in water at 25°C.
Volatilization of DCPD from water was an important transport process,
and a half-life of 5 days was estimated.



The results of attempts to photolyze DIMP at > 290 nm in both
distilled and BMA waters showed no loss of parent compound, within an
analytical error of = 27, after 232-hr reaction time, Table 2. The
stability of DIMP to direct and indirect photolysis shows that photol-
ysis 1s not important in determining the environmental fate of DIMP.

Table 2

RESULTS OF PHOTOLYSIS OF DIMP IN WATERS AT >290 NM

Water AT (hr)  DIMP Remaining (%)°
Distilled 89 100
: North Bog-shallow 89 - 100
Digtilled 232 100
North Bog-shallow 232 100

2 Blank control maintained in dark gave 100% recovery

2., Biliodegradation

Development of Acclimated Culture. The microorganisms in North Bog
Ewater and in BMA soil were grown in basal-salts medium with glucose
'(lg/liter) and Difco yeast extract (0.1 g/liter). Then they ware grown
in shaker flasks with different concentrations of DIMP up to 100 ppm in
basal-salts, glucose, and yeast-extract wedlia. Comparisons of broth
turbidity showed no growth inhibition, which indicated that a 100~ppm
evel of DIMP could be used to acclimate cultures.

%ﬂ The acclimation of DIMP biodegradation organisms with North Bog
rwater collected in summer began in aerated 9-liter bottles with 10- and
§3-ppm levels of DIMP, Tris buffer (pH 7.5), and (NH.)250,. Autoclaved
Jwater with 10-ppm DIMP was used as a sterile control. The bottles were
rincubated at 25°C. Static bottles without buffer and ammonium salts
-were also incubated with DIMP (10 ppm) at 25° and 10°C. Analysis showed
that DIMP was not blodegraded detectably during 12 weeks of incubation.

buring this screening test, aliquots of water samples were inoccu-
lated into flasks containing Tris-buffer basal-salts medium with and
without glucose (100 ppm): glucose (100 ppm) and yeast extract (20 ppm);
glucose (100 ppm) and glycerol (100 ppm); or glucose, glycerol, and
8uccinate (100 ppm each) as extra carbon sources. None of the flasks
showed DIMP biodegradation.
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The waters from the Paloc Alto sewage plant aeration tank and from
the pond near Searsville Lake, Woodside, California, were also tested
in static bottles for the DIMP biodegradability with and without glucose,
and with and without glycerol plus succinate. No DIMP biodegradation
was observed.

To investigate the biodegradabilities of MP and IMP, the North
Bog water in the 9-liter aerated bottles and Palo Alto aeration tank
effluent water were inoculated into the flasks containing Tris-buffer
basal-salts medium, glucose, glycerol, and succinate, with or without
MP or IMP. The turbidity of the broth after 2 to 3 days in the flasks
containing sugar and MP or IMP showed micreoblal growth, while that in
the flasks containing only sugars (no phosphonate} showed very low
turbidity. This result indicates that the microbes in North Bog water
and in Palo Alto water could readily use MP or IMP as a phosphate
source and split the carbon-phosphorus linkage, but could not use DIMP.
When trimethylphosphate (TMP) was tested in place of MP in the above
medium, it was alsc biodegraded.

When the North Bog water microbes were inoculated in the Tris-
buffer basal-salt media with sugars and DIMP with added MP, IMP, or
TMP, organisms grew with MP, IMP, or TMP as phosphate sources, but DIMP
was not degraded. These compounds did not serve as cometabolic sub-
strates or as enzyme inducers.

Isopropanol was added as a carbon source in the Tris-buffer basal-
salts medium with DIMP. Although isopropancl was used by microorganisms
as the sole carbon source In medium with phosphate, DIMP was not
degraded. Like MP, IMP, and TMP, iscopropanol did not serve as a
cometabolic substrate or enzyme inducer.

North Bog water was collected agaln 1in January, and the acclima-
tion test was repeated in static bottles. The water with and without
Tris buffer, along with a sterile control, was incubated at 10°C. The
water with Tris buffer was also incubated at 25°C. Again, chemical
analysis showed no detectable DIMP biodegradation during 12 weeks of
incubation.

Into biometer flasks containing Tris-buffer basal-salts medium,
glucose, glycercl, 2 puCi of DIMP, and unlabelled DIMP (10 ppm), we
inoculated North Bog water, Palo Alto water, and pond water microbes.
Ten milliliters of 0.5N KOH solution was placed in the side arm. No
radioactive *“CO, was observed in the KOH solutions during 6 weeks of
incubation.

DIMP was biodegraded to CO; in RMA soil. To investigate whether
this was caused by the presence of some nutrients in the soil, 20 g of
RMA s0il was extracted with 50 ml of boiling water, and 2.5 ml of the
filtered supernatant was added to a 250-ml flask containing 50 ml of
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Tris-buffer basal-salts medium with glucose and glycerocl (200 ppm each).
In another flask, 1 g of soil was added in place of the soil extract.
Radiolabeled *“C-DIMP (1.4 uCi) and DIMP (10 ppm) were added, and North
Bog water was inoculated from the 9-liter bottle. The flask was closed
with a rubber stopper equipped with a Teflon-lined screw-capped test
tube, which has a hole under the rubber stopper so KOH soclution can be
placed in the tube to trap CO..> No eveolution of '“CO; was found in
these flasks, indicating that extra nutrilents in the soll were not
helping aqueous DIMP bilocdegradation.

Soll from the 13-week-o0ld preliminary DIMP soll biodegradation
flask, which contained acclimated microorganisms, was also inoculated
into the above medium. No '“CO, evolution from methyl '“C-DIMP was
observed during 6 weeks of incubation. Thus, it appeared that environ-
mental factors, not the microorganisms, are responsible for the persis-
tence of DIMP in water.

The soil percolator of Goswami and Green“ was used to acclimate
the biodegradation culture from RMA soll. We then percolated 500 ml of
an aqueous solution of DIMP (20 ppm) in Tris-buffer basal-salts medium
with glucose and glycerol continucusly through 50 g of RMA soil column.
After 32 days B7% of the added DIMP still remained in the medium. This
reduction may have been caused by adsorption, not by bilodegradatiom.

No further decrease was observed for 18 weeks.

In a parallel experiment, at 21 days the aqueous broth was inocu-
lated into Tris-buffer basal-salts medium containing glucose, glycerol,
and DIMP, IMP, or MP. Good growth was observed for media with MP or
IMP, but no growth was observed in the medium with DIMP. After 11 days

“in DIMP medium, no significant reduction of DIMP concentration was
noted.

Organisms reported to degrade IMP or other phosphonates were
obtained from Dr. C. G. Daughton of M. Alexander's laboratory at Cornell
University. The organisms--Pseudowonas taestosteroni and strain No. 12°'°
——were tested with Tris-buffer basal-salts medium and sugars with DIMP,
IMP, and MP. They readily used MP and IMP as the sole phosphate source,
but could not use DIMP.

Biodegradation Rate in Water. Since no blodegradation of DIMP in
water samples was observed and no acclimated culture system developed,
aquatic blodegradation studies were not cenducted.

Soil Biodegradation. Preliminary soil biodegradation studies
were begun in biometer flasks with RMA soil collected in August. The
soll was a mixture of soils from Pit #1, Pit #4, and the North Bog.
Radiocactive methyl-*“C-DIMP (2.28 uCi in 1 ml of H,0) was mixed into
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50 g of the soill mixture, which originally contained 2.7 ppm DIMP.
Sampled weekly, the KOH solutlon in the side arm was found to be
trapping '“C from volatilized DIMP and '“CO,. The biometric flask
containing sterile soil and '“C-DIMP also had radioactivity in the KOH
solution in the side arm.

The KOH solution from the flask with nonsterile soill was extracted
with ethyl acetate, and the concentrated extract was spotted on a
silica gel TLC plate and developed with 10% isopropancl/CH,Cl, solvent.
X-ray film radicautography showed that radioactivity in the extract
was mainly from DIMP; no volatile metabolites were detected. The '“CO,
in the KOH solution had to be precipitated with BaCl,;, the washed
BaC0, acldified, and the CO, retrapped to make the 14C0; count. The
14C0; radicactivity was calculated as the percentage of *“C originally
added to the soill. The results are shown in Figure 1.

Figure 1 showed that DIMP was degraded to CO; by RMA soil micro-
organisms, but that biodegradation was very slow, with only 13.4% of
the original activity being evolved as '“CO, after 34 weeks of incuba-
tion. Total '“C removed in KOH solution during this period was 32% of
the original '“C. At this rate, it will take a year for the accumu-
lated total *“C to reach 50% and more than 2 years to achieve 50%
evolution as *“CO,.

We also tested a soll from SRI International grounds for DIMP )
degradation. The pattern of “CD; evolution observed in SRI soill was
similar to that in the RMA soil. To test whether the reductive genera-
tion of methane was possible, evolved gases were bubbled through a
dodecane trap, which then was analyzed for methane by gas chromatography/
mass spectrometry (GC/MS). Methane was not detected, indicating that
the production rate was very low or that this mode of transformation is
not occurring.

After soil samples were collected in January, the ultimate soil
biodegradation testing was initiated with duplicate flasks at two
temperature levels and at two DIMP levels. Soil collected in the
summer and air dried was used for the 25°C incubation test, and soil
collecred in the winter was used for the 10°C incubation test. The
solls collected in August and Januvary had 2.9-ppm and 1.0-ppm levels
of DIMP, respectively. Radiolabeled '“C-DIMP (1.4 uCi) was added to
the soils, with and without extra unlabeled DIMP (10 ppm).

Another flask containing additional DIMP (10 ppm) and '“C-DIMP was
inoculated with 1 ml of broth from the 8-week-old soil percolator at
the start. It was again inoculated with 2 g of soil from the 22-week-
old preliminary DIMP biodegradation test soll biometer flask after
4 weeks of incubation because the soil percolator did not acclimate
the biodegradation organisms.
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The *“C0O, evolution during 17 weeks of incubation is shown in
Figure 2. At 25°C, the percent of accumulated *“C0, from both the
2.9-ppm flasks and the 12.9-ppm flasks were about the sawme. The CO,
production rates are therefore not a function of DIMP concentration.
When soil was inoculated with the acclimated soil, the '“CO, evalutiom
rate increased, and reached over 5% at 17 weeks; the soils without
inoculation produced about 1.5%. At this rate, it will take more than
3 years to reach 50% mineralization in a noninoculated soilil and more
than 1 year in an inoculated soil.

The DIMP soll incubated at 10°C did not produce significant amounts
of '“C0, (less than 0.1%). DIMP biodegradation in soil was almost
completely halted at this temperature, and the evaporation loss was
lower. The accumulated total '“C counts in the KOH solution were about
15% of the added *“C at 25°C and 3% at 10°C; it was 20% in the flask
with acclimated soil at 25°C during 17 weeks of incubation.

Analytical Chemistry. The RMA soils and waters were analyzed
for DIMP and its two primary hydrolysis products, IMP and MP, as well
as phosphate ion, using capillary GC for all species and confirming
phosphate by colorimetry.’ A summary of results appears in Table 3.
Components were identified by capillary gas chromatographic retentiom
time and confirmed by GC/MS. A typical gas chromatographic profile of
a sample extract appears in Figure 3.

Chemical Hydrolysis. The appearance of IMP and MP in RMA water
suggested that catalytic hydrolysis could be occurring. To test this
possibility, 100 ml of North Bog water containing 0.26 ppm of DIMP was
refluxed for 1 hr and reanalyzed for DIMP. The recovery of DIMP was
98% of the original concentration, indicating that no catalytic pro-
cesses are transforming DIMP in the environment.

D. Conclusions

Data for the photelysis of DIMP in digtilled water and in a natural
water sample showed no loss after 232 hr of photolysis with the Hg lamp
filtered to exclude all wavelengths below 290 nm. Direct or indirect
photolysis therefore is not important in aquatic systems.

Blodegradation of DIMP was not observed in natural waters incu-
bated for 12 weeks or in aqueous medium incubated with acclimated
501l microorganisms for 6 weeks. Therefore, we conclude that this
transformation process alsc is not important in aquatic systems.

The methyl carbon in DIMP was observed to biodegrade to CO; very
slowly at 25°C in soil, and almost no biodegradation was observed at
10°C. Thus, temperature variations will be important in estimating the
persistence of DIMP in an environment such as that of RMA, and a half-
life in excess of two years is predicted.
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65 E. 55th 51, New York, NY 10022, 212-705-4340,
FAX, 212-705-4350
KACPOLITE INC. '
2444 Moms Ave., Unicn, NJ 07083, 508-788-0609,
FAX 908.851-2974
CONTACT: Notson F. Werner, Gen. Mgr.
KELCO.
8355 Aero Dr., San Diego. CA 92123, 615-292-4900,
B800-535-2656, FAX 619-487-6522
CONTACT: H. G. Hartnek
KEMIRA INCE LTD.
INCE, Chester, CH2 4LB, United Kingdom, (0}151 357
2777, FAX {0)151 357 5478
CONTACT: J. Smith
KEMSTAR CORP.
3456 Wade 5L, Lo Angales, CA 90068,
301-390-0180, FAX 310-391-p143
KENRICH PETROCHEMICALS INC.
140 E. 22nd St., Bayonne, NJ 07002, 201-823-5000,
800-LIA-KP], FAX 201-823-0691
CONTACT- Salvatore J. Monte
KEAR-MCGEE CHEMICAL CORF
P.0. Box 25861, Okishoma City, OK 73125,
405-270-1212, B00-854-3911, FAX 405-270-123
KEYSTONE COLOR WORKS ING.
151 W. Qay Ave., P.O. Box 1984, York, PA 17405,
717-B54-9541, BDO-595-3078, FAX 717-854-5887
CONTACT: Dawid Cramer, Gen. Mgr.

KIMSON CHEMICAL INC
77 Summer St Boston, MA 02110, 617-282-7773.
FAX 617-292 7766
CONTACT Simar Aitsten
KING INDUSTRIES INC
Science Rd Norwalk. CT 06852, 203-86%.5551,
800-421-7900 FAX 203-866-1268
CONTACT Bob Bumi. Adv/Promo Manager
KING'S LABORATORY INC
P O Box 120. Biythewood, SC 29016 803-754-5152
FAX B02-786-8932
CONTACT Path Dress
KIRA CORP
7814 Carousel Ln  Richmond, VA 23294,
BO4-346-4242, FAX 804-346-3803
CONTACT Or Paul R. Harns, VP Commercial Dev
KMG MINERALS. Drv ot Franklin industries
P 0. Box 729, 1469 5 Battleground Ave.. Kings
Mouritam. NC 28086, 704-7359-1321, 800-443-MICA,
FAX 704-739-7888
CONTACT James £ Banon
KOCH CHEMICAL CO.
Suntde Rd., F O Bor 2608. Carpus Chnsh_ TX 78403,
512-242-8350. FAX 512-242-8253
CONTACT Ron W Osman
KOPPERS INDUSTRIES INC.
436 Seventh Ave . Pritsburgh, PA 15219-1800,
412-227-2249. 800-321-9878, FAX 412-227-2202
KOSTER KEUNEN INC.
1021 Eche Lake Rd , P O Box 69. Watertown, CT
06795-0089, BEO-945-3333, FAX 850-545-0330
CONTACT: Sieven L. Puleo/John Kosier
KOWA AMERICAN CORP.
342 Madison Ave . Ste. 710, New York, NY 10173,
212-972-4600. B00-221-2076, FAX 212-972-4825
CONTACT: Mark K Smith, Sla. Mgr.
KAONOS INC.
P O Box 4272, Housion, TX 77210, 713-423.2300,
FAX 509-422:3258
CONTACT: George Dager, Mki. Comm Mgr.
KRYSTAL LABORATORIES INC.
P O. Box 1040, Staffard, TX 77497, 713-458-5839.
FAX 713-498-583%
CONTACT Dr Mohammad K. Shaikh, Manager
KYOWA HAKKO USA INC.
595 Laxington Ave., Ste. 2780, New York, NY 10022,
212-319-5353. FAX 212-421-1282
CONTACT: Hidekazu Karei
THE LANAETEX PRODUCTS INC.
151-157 Thircd Ave , ElLzabeth. NJ 07206,
908-351-9700. FAX 908-351-8753
CONTACT: Linda Rominski
LANCASTER SYNTHESIS INC.
P O. Box 1000. Windham, NH 03087-9977,
603-885-2306, B00-238-2324, FAX 503-889-1326
LAREX INTERNATIONAL.
2852 Patton Rd., 5. Paul, MN 55113, 612-838-2628,
FAX €12:636-1583
CONTACT: Christopher H. Price, Ph.D,
LARKSPUR CORP
Box 17379, Milwaukes, WI 53217, 414-352-4229, FAX
414-352-6075
LAROCHE INDUSTRIES INC.
1200 Airline Hwy.. P Q. Box 1031, Baton Rouge. LA
70821. B0O-524-2586, FAX 504-356-8551
LARQCHE INDUSTRIES, INC.
100 Johnson Ferry Ad., AHanta, GA 30342,
404-851-0355
LAUREL INDUSTRIES INC.
30195 Chagnn Bivd., Cleveland, OH 44124-5784,
216-831-5747, 800-221-1304, FAX 216-831-8473
CONTACT: Sharlene Lopaz-Stem
THE LEBERMUTH CO. INC.
P Q. Box 4103. South Band, IN 46834, 219-258-7000,
B00-848-1123, FAX 219-258-7450
CONTACT. Roben BrowrvJohn Van Belleghem
LEE SGIENTIFIC, INC.
2924 Mary Ave., 51 Lous. MO 63144, 314-368-1091,
314-968-1477, FAX 314-368-8851
LEINER DAVIS GELATIN {USA)
560 Northern Bivd., Sis.109, Greal Nack, NY 11021,
516-829-2625, FAX 516-828-1378
WM LEMAN INC.
114 N. Centar 5t., P.O Box 100, Bramen, iN 48508,
219-546-2371, FAX 219-548-5762
CONTACT: Timothy E. Zimmaer

See Internet Chemcyclopedia at hitp:/pubs.acs.org




(59025-55-7)
. 10-Ib batch

V3. Chamicat §

mgnoxuwmuuu SODIUM CARBONATE
"';:::;‘zfneénamucals Inc. Dry powder, milled or densi-
ned grades. 55-gal drum. Antacid raw material,
Guini Corp Powder grade. 55-gal drum. Antacid raw
matanal. 0 8
yDROXYBENZALDEHYDE (95-01-2)
2O Eim Co. Lid. DHBA. S-gal pail.
w1 “irdwicke Ine.
af” 2(Y-1,3-BENZENE DISULFONIC ACID
" arera- foulene Organic Intermedistes.

2 30IHYDAOXYBENZOIC ACID (303-38-8)
z-non Laboratofies Inc, Crystsaline powder, re-
search grade. 5-gal pail, 10-kg pail, lab quantities.
Chammeal ntarmediate.
E-MAIL. 70222.754@compusarve.com

JHYDROXYBENZOIC ACID {303-07-1)
2 trum Bulk Chamicals. Research, samibulk, and

‘a. Min 500
‘2%

| torm, reag
m quanhties,

ad EP grad

AlshrChem
R

TICIZER.

xcallent gen grum quantitres.

replacameni, z.mmv%noxvaeuzopusnouz {131-56-6)
BASF Corp.

E?TE ESTER Cytec Indusiries Inc.

yav-le-Synthese Organics. SYNTASE 100. Pale
. 1+ ocowder grade. 200-io drum. UV light ab-
soluble in most oganic solvents, compat-
2 »in most polymers, useful in polymars that re-
quire Mgh-temperature processing and conversion.
Rhene-Poulent Organic intermediates.
2,5-0IHYDROXY-1,4-BENZOQUINONE
Spectrum Bulk Chemicals. Research, ssmibulk, and
drum quantiligs.
4,4-DIHYDROXYDIPHENYL SULFONE (80-08-1)
Jamas River Speclalty Chemicals. 33+% grade.
220-1b drums,
1 2-DIHYDROXYMETHYL ACETYLENE
Huls Aktlsngeselischaft
8,7-DIHYDROXY-4-METHYLCOUMARINE
Jonas Chemical Corp.
4.5.7 - " TROXY-2-METHYLMERCAPTOPYRIMIDINE
big -Xilengessllschaft
1,7-DIHYDROXYNAPHTHALENE

1 and inhibr
‘nt low tem,

-TRIHYDRAO-

aceutical S|
ade. Buik d

L

83}
*. samibulk,

. semibulk,

SST Corp.
- 2,8-DIHYDROXYHAPHTHALENE
S5T Corp.
4.5-DIHYDROXY-5-NITRAOPYRIMIDINE
“tshrCnem/ W Interchem Comp.

vy SAF Bulk Chemicals.

sanunes. J4-DIHYOROXYPHENYLGLYCOL

TE(IV) Regis Technotogles Inc. High-purity grade. Gram
uantities quantities. Stora cold,

4,6-DIHYDAOXY-2-PHENYLPYRIMIDINE
Buls Axttangessilschait
Ci: - 2{YPRAOPYL THEOPHYLLINE (Dyphyiline)
34afF Flne Chemlcals/BASF K&F Corp. Fine
powdar, 160- 10 200-mesh grades. 50-kg drums.
24-DIHYDROXYPYRIDINE (626-03-9)
vanguard Labs.
4.8-DIHYDROXYPYRIMICINE (1183-24-4)
Huls Aktiengessitachatt
Interchem Corp.
5.7-DIHYDAOXYTRYPTAMINE CREATININE
SULFATE (39929-27-6)
Pharmasyn Inc.
Regis Technologlas Inc. 39% purity grade. Gram
quanuhes Pharmacoiogical 160t for investigating
serntgrin neurona and inducing chamical lesions in

roar

oric softenal,
asoap. hou:
o lerpanic u

*8Q-kg drums.

3512-65-8)
= . - "DAQOXYTRYFTAMINE CREATININE
SULFATE
Regis Technologles Inc. High-punty grade. Gram
Quanitiss.
INE, PDIIODOBENZENE (624-38-4)
A.5.A. Corp.
2.5-DIIODQBENZOIC ACID (14192-12-2)

ECTOL PAS- Despwater lodides Inc. 55-gal drum, 5-gal pail.

jnt brown pas R.S.A. Corp.

e balow 350, 4,4-DHODOBIPHENYL
S8T Corp.

won, DHODOHYDROXYQUINOLINE (83-73-8)
RS.A. Corp.

" IIMETHANE (75-11-8)
switar lodides Inc. 55-gal drum, S-gal pail.

— 13.A, Corp.
2 g I ot
e : 'ODOMETHYL p-TOLYL SULFONE (20018-08-1)
1 a5 g ANGUS Chemical Co. AMICAL, Wattable powder,

fiowable powdar tarms
28-DIIODO-4-NITROPHENOL, (305-95-1)
R.S.A. Corp.
‘-3—DIIODOPROFANE (827-31-8)
Omapwater locidey Inc. 55-gal drum._ S-gai paul.
RS.A. Carp.

© bightly sedled
1 oskn ranning
netc prepard-

3.5-DIIODOSALICYLIC ACID
Acros Organics.
Spectrum Bulk Chemicals. Rasearch, semibulk, and
drum quantities.
DNODOTYROQSINE
R.5.A. Corp.

DISOBUTYL KETONE (108-83-8)

Ashlend Chemical Co., Industrial Chamicsls & Sol-
vants Div. Aelatively slow evaporating solvent for
nitrocellulose; usaful In hol spray and muRticoior for-
mulations,

E-MAIL: csy@ashchem.com
INTERNET: http/iwww.ashchem.com
Eastrman Chemical Co.
Union Carbide Corp. UCAR.

DUSOBUTYL MALEATE (14234-82-3)
Finatex Inc. Tank car. tank truck, 55-gal drum. Inter-
madiate for sultosuccinates.
MFG Chemical, Inc. Tank truck, 55-gal drum.

DIISODECYL PHTHALATE {26761-40-0)

Anstech Chemical Corp.

Ashland Chemical Co., Indusirial Chemicals & Sol-
venis Div. Provides permanent ‘ow-temperature
flexibility in viny!s, has good resistance to migration
and water extraction.

E-MAIL: csy@ashchem.com
INTERNET. http/Awww.ashchem.com

BASF Corp. PALATINOL DIDP. Stabilized, unstabi-
lized grades. Tank car, tank fruck. Plasticizer.

Primacham Inc.

DISONONANQYL PEROXIDE (58499-37-8)

EIf Alecham North America Inc.

Elf Atochemn MNorth America, Organic Peroxides Div.
LUPERSOL 219M75.

DISONONYL ADIPATE (33703-08-1)
Anstech Chermucal Corp.
BASF Corp. PALATINOL DNA. Tank car, tank truch.

DIISONONYL PHTHALATE (26353-12-0)

Anstech Chemical Corp.

Ashland Chemical Co., Industrial Chemicals & Sol-
vents Dlv. 55-gal drum, bulk quantities. Used in
flexible PVC lormulations. Excellent low tempera-
ture and volatility characteristics. Used in automo-
tive, lilm and sheeting, and plastisols.

E-MAIL: csy@ashchem.com
INTERNET. hitp/www.ashchem.com
DHSOPAOPANOLAMINE (110-97-4)

Ashlend Chemical Co., Industrisl Chemicals & Sol-
vents Div. Tank truck, 55-gal drum.
E-MAIL: csy@ashchem.com
INTERNET; hitp//www.ashchem.com

Huls Aktlengesslischaft
DISOPROPYLAMINE (108-18-3)

Chem-Impex International, Inc.

Elt Atochem Morth Amenca Inc. Tank car. tank truck,

55-gal arum, 5-gal pail. UN 1158.
DUSOPRAOPYLAMINOETHANOL (Dilsopropylethancl
amine}

EIf Atochem North Amenca Inc. Tank car, tank truck,
55-gai drum, 5-gal pail. NA 1993.

ONSOPROPYLAMINOETHYL CHLORIDE
HYCHLORIDE

Interchem Corp.

Lonzs inc.

DUSOPRGPYL AZODICARBOXYLATED

Allled Signal Inc., Engineered Materials Sector
Liquid form. 110- and 441-Ib drums.

CM Chamical Products Inc.

m-DISOPROPYLBENZEME (99-02-7)

Eastman Chemical Co.

Koch Chemical Co.
p-DISOPROPYLBENZENE (100-18-5)

Eastman Chemical Co,

Koch Chemical Cao.
N.N-DISOPAQPYLCARBODIMIDE (893-13-0)

Advanced ChemTach.

Chem-impsx International, Ine.

Lancastar Synthes:s Inc.
1,3-0IISOPROPYLCARBODIMIDE

SAF Bulk Chemicals.
DIISOPROPYLCHLOROSILANE

Bouldar Scientfic Co. Tank car, tank truck, 55-gal
drum, 5-gal pail. Buik supplier.

Galest Inc. 55-gal drum, t- and 5-gal paila.
N.N-DISOPAOPYLDIAMIDOPHOSPHORYL,
FLUORIDE (371-86-8)

Chemsyn Science Labs. MIPAFOX. High-punty

grades Researcn quanuties. Excepted guantily 43
CFR 173 4 Prelarrad selective inhibitor when mea-
Sunng neurotonc eslerase activily for the determi-
nanon of neurotoxicity of organophasphorua com-
pounds

DISCPROPYLETHYLAMINE {T047-58-5)

Advanced ChemTach.

Austin Chemical Co. 55-gal drum, Commarcial quan:
utas Known as Hung s base

See internet Chemcyclopedia at htip//pubs.sacs.org

Chem-impez Internatlonal, Inc.
Lancaster Synthesis Inc.
PPG Industnes Inc.. Fina Chemicals. Liquid form
Tank car. tank truck, 55-gal drum.
Wilshire Chemical Co. Inc.
E-MAIL: WilshrChem@ac!.com
INTEANET: http://users.aol.com/WilshrCham/Aw::,
N,N-DISOPROQPYLETHYLAMINE (7087-85-5)
Austin Chemical Co. 55-gal drum. Known as Hunig':
base.
Intarchem Corp.
SAF Bulk Chamcals.
Spectrum Bulk Chamicals. Ressarch, semibulk, an
drum quantries,
DISOPROPYLFLUOROPHOSPHATE (55-91-4)
Spectrum Bulk Chemicals. Rasearch, semibulk, an
drum quantities.
DIISOPROPYL KETONE
Huls Aktlengesslischafl

DISOPROPYLMALOMATE

Huls Aktisngesellschahl
DUSORROPYL METHANE PHOSPHONATE
{1445-75-8)

Lancaster Synthesis Inc,
DISOPACPYLOCTYLSILANE

SAF Bulk Chemicals.

2,6-DIISOPROPYLPHENOL

Albsmarie Corp.
2,6-DIOISOPROPYLPHENYL ISCCYANATE
(28178-42-9)

Lancaster Synthesis Inc.
DIISOPROPYLPHOSPHORODITHIOIC ACID
(107-58-2)

Zeneca Inc., Performance & Intermediste Chem:!
cale, 85% min purity grade. 55-gal drum, by
quantities. UN 2924, cormosive, lammabie. [merms
diate for pesticides, lubricant additives, and athe,
industrial compounds.

HISOPROPYL-p-TOLUIDIME

R.5.A. Corp.

DIXKETENE (374-82-8)

Eastman Chemical Co. Liquid, assay 99.4% grades

Lonza Ine.

Wacker-Chemie GmbH
DILAURYL THIODIPROPIONATE (123-28-4)

Cytec Indusiriss Inc. CYANOX LTDP. Hake grade

200-1b net grum. Sacondary antiexidant for plastics

Hampshire Chemical Corp., Evans Chematics Unit
EVANSTAB 12, Flake farm. 100- and 200-Ib drums
Nonhazardous, Secondary antioxidants for polyc!c
hns FDA cleared.

Maorton Imernational Inc., Performance Chemicals
CARSTAB DLTDP. Fiake lorm. 100-b fiber drum
Secondary amioxidant for polyolefing and ABS
FDA approved.

Witco Corp., Polymer Additives, 200-Ib batch ¢
containar. Antioxidant.

DILTIAZEM HYDROCHLORIDE (33286-22-5)

Aiomol Researcn Laboratories inc. USP grade. K.
quantitias
E-MAIL: into@biomol.com
INTERNET: http./Awww.biamol.com

interchem Corp.

35T Corp.

DIMEDCME (126-81-8, 3471-13-4)

Lancaster Synthesis Inc.

Rhone-Poulenc Organic Intermediates.

Rhone-Poulenc Surfactants & Specialties.
DIMENHYDRINATE (523-87-5)

BASF Fine Chemicals/BASF K&F Corp. USP grade

25- and 50-kg drums.
Ganes Chemicals In¢.
MNapp Technolagias Inc.

OIMER ACIDS

Expo Chemical Co. Inc. Vanous grades including by
product, also tnmers Tank Iruck, 55-gal drum
Component n corrosion inhibitors. Low cost alter
nanve.

Unichama Internanonal. PRIPOL. Liquid form. Bulk
drums.

Unichema Neorth Amenca. PRIPOL. Liqud form, Tair
car. lank truck, 55-gal drum. Olsates, stearates, c2
pryiates, caprates, laurates, myristates, polam
lates_ and acetates.

DL-2,)-DIMEACAPTO-1-PROPANESULFONIC ACID,
SOCIUM SALT. MONOHYDRATE (4078-02-2)

Acros Qrganics.,

Spectrum Bulk Chemicals. Ressarch, semibulk, s
drum quanttias

mesg-2.>IMEACAPTOSUCCINIC ACID {304-53-2)

Spectrum Bulk Chemicals. Research, semibulk, ar

arum quaniitigs.
2,5-DIMERCAPTO-1,3 4- THIADIAZOLE (1072-71-5,
64741-96-4)

R. T. ¥anderblll Co. Inc. YVANCHEM DMTOD. Dr

powder form 100.1b iber drums
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Background Document C, Reference 32

Sweet, D.V. (editor), 1987, Registry of Toxic Effects of Chemical Substances (RTECS), 1985-
1986 Edition, DHHS(NIOSH) Publication No. 87-114, prepared for the National Institute for
Occupational Safety and Health under Contract No. 200-84-2768 by Advanced Engineering and
Planning Corp., Inc., Rockville, Md.

See Background Document B, Reference 59
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44 GAS WARFARE

Chlorine, the first gas to be used in modern chemical war-
fare is not likely to be mer alone because it is so active
chemically that protection against it can be improvised very
easily and because other more toxic agents can be provided
without difficulty. However, it may be mixed with phosgene
in gas cylinders where its extremely high gas pressure and
the face that it is a gas even at low temperatures make it
useful in providing the necessary pressure to force the more
poisonous phosgene out of the cylinders.

Chlorine is an element which plays a very important pan
in chemical warfare since, either in a free or combined condi-
tion, it enters, somewhere, into the manufacture of prac-
tically all other chemical warfare agents. It is a heavy green-

ish-yellow gas which has a pungent, disagreeable odor and'

a very irritating effect upon the membranes of the upper air
passages. [t causes violent coughing immediately if small

amounts are breathed. It is two and a half times as heavy as
air. It is a gas at all temperatures thar would obrain on the
battlefield. Ir dissolves readily in water. It is extremely active .

chemically and combines wich all the metals and with most 'K .14 in cooler weather within a half hour, so it is only very

I moderately persistent. It has not been used by our Army al-

it may be stored in seel cylinders indefinicely. Chiorine is .- though it offers some advantages over the standard lung

a.ll of the other elements. It is, therefore, extremely corro-
sive unless absolutely dry. When chlorine is thoroughly dry

used in the manufacture of mustard gas, Lewisite, phosgene,
and most other chemical agents. Chlorine compounds are im-
portant in protection against gas since certain of them, for
example, chloride of lime (bleach), are used to destroy mus-
tard gas.

One of the mosr effective choking gases used in_zhgl:“_izst";%
\Vorld War was diphosgene. This substance not only is as'
poisonous as phosgene bur has a marked tear-gas effect. Rus-

B “green cross,” although the official German name for the
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sian and German authoritics state that it is more toxic than
phosgene. The Germans used diphosgene in shells marked
with a green cross and, hence, it was sometimes known as

} agent was perstoff. The British who_also_used it called it

superpalite or dipl}g)sEEﬁé‘,'ﬁa— the French called 1t surpalite.”

. Tt has a very imposing chemical name, trichlormethylchlor-
€ formare. It is a colorless, oily liquid with a peculiar odor.
E 1t breaks down under certain conditions to form two mole-
f cules of phosgene, which s the reason for its name. Except
g for the fact thatitis a liquid under all field conditions and
® has an intense tear-gas effect, it can be thought of as very
N similar to phosgene, and no further description of it is needed
g here. It is an agent which is quite likely to be used whenever
¢ lung irritants are used. It would probably be employed in

Al

shells or bombs.
Although diphosgene must be classified as persistent, since

* it will remain at the point of release over ten minutes, it

b
i

r

: dissipates in the open in the summer in about fifteen minutes

frritant, phosgene.

Another important lung irritant is chlorpicrin_(PS), which

‘ - . 3
. also is an effective tear gas. PS is much more persistent than
g: phosgene and is also less poisonous. It is classified as a moder-

ately persistent agent since it has a persistency of about an
hour in the summer in open country and twelve hours in

' the winter. The chemical name of chlorpicrin is trichlomni-

® tromethane or nitrochloroform. It gets the name of chlor-
¥ picrin because it is made commercially by the action of

— -
T

L T o
i .

T

~F




62 GAS WARFARE

and chemical mortar shells. CNS is suitable for use in arullery
and mortar shells and may be sprayed from tanks on air-
planes to produce sudden and extremely high concentrations
on the ground.

BBC (brombenzylcyanide) is the only tear gas thar was
manufactured by the Chemical Warfare Service in any
quantity during World War I and only about five tons of
it were made here. It was used in large amounts by the

French, loaded in artillery shells. The French called it camite |
and gave it the code symbol CA. BBC is a heavy, oily, dark- §
brown liquid which has an odor like sour fruit. It is very

persistent, lasting several days in the summer and several
weeks in the winter. Although it is a more intense tear gas

than CN and its action is more effective in low concentra- |

tions, it is not as satisfactory for military use since it has
much less stability than CN. It attacks common metals with
the exception of lead. In steel shell it rapidly corrodes the
metal and in the process decomposes itself, losing its tear-
gas properties. Artillery shells, therefore, must be lined with
lead, glass, or porcelain if they are to contain BBC. The
British have used BBC as a standard rear gas.

During World War 1 several other marerials were used
as rear gases. The principal lacrimaror used by the Brirish
was SK (ethyliodoacetate). The Germans used T-Stoff
(xylyl and benzyl bromide), a powerful lacrimator effective
in concentrations of one volume in one million volumes of

air, and K-Stoff (a brominated methyl-ethyl ketone also
called B-Stoff) which was intense and quick-acting and

somewhat less persistent than T-Stoff. '
The French used a large number of materials with names:
such as tonite, cyclite, martonite, and bretonite. These com-
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pounds were all somewhat similar in their chemical nature

+, and varied chiefly in the intensity of their effects.

Vomiring Gases or IRRITANT SMOKES

When the chemists started their search for roxic chemicals
for use in war, one of the earliest possibilities thoughe of was
arsenic. Arsenic compounds are widely known for their
poisonous nature of which commercial use is made. The only
simple arsenic compound that showed any promise was arsine
~highly poisonous and a gas. It proved to be too unstable
and inflammable, however, to be of any use,

Investigation of the more complex arsenic compounds
brought to light a number of possibilities and many of them
were found to be useful in chemical warfare, The best
known examples are: L. (Lewisite), MD, ED (dick), DA,
and DM. The Chemical Warfare Service up to the present

- ume has adopted only three of these arsenic compounds as

- chemical agents: L, DA, and DM. L and ED have already
. been discussed as vesicants.

DA (Blue Cross) and DM (Adamsite) resemble each

- other closely. These two compounds are placed in a separate
. class among chemical agents—the VOmiting gases or irritant
: smokes. They produce their effect by being liberated in the

awr as a smoke, as finely divided solid particles, and nort as a
vapor like phosgene, or as a mist like mustard.

The fact that these particles are solids, makes a lot of
difference in our gas masks. The solid particles cannot be ab-
sorbed by the chemicals in the gas-mask canister as are gases

; and, therefore, must be filtered our mechanically. The finer

Fhe: particle, the harder to filter it out and also the greater the
irnieant effect.
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284 GAS WARFARE
Munitions suitable foruse ......... Mixed with CG and PS in 3
cylinders and LP shells. 8
Marking on munitions ........... 1 green band—CL gas.
Protection required .............. Gas mask.
CHLORPICRIN
Common name .................. Chlorpicrin (vomiting gas). s
Chemical name .................. Trichlornitromethane N
(Cl,CNO,). :
C.W.S.symbol ................. PS. ¥,
Persistency, summer ............. 1 hour in open; 4 hours in 3
woods. _
Persistency, winter .............. 12 hours in open; 1 week in 4E
woods. .
Tactical classification ............ Harassing agent and casualty .
agent.
Physiological classification ........ Lung irritant and tear gas.
Odorinair ...........co.oouios, Sweetish, like fly paper.
Melting point ................... —69.2° C. (—g2.4° F.).
Boiling point ............... .. 12° C. (231.5° F)).
Volatility at 20° C. (68° F.) ...... 165 02./1,000 cu. ft. air.
Vapor pressure at 68° F. .......... 18.28 mm. of mercury.
Vapor density compared to air ....5.6.
Density of liquid at 20° C. (68° F.) . 1.66
Solventsfor ..................... Chloroform, CG, chlorine.
Action on metals ................ Produces slight tarnish only. ?‘
Stability on storage .............. Stable for long periods in ;
steel containers. R
Action with warer .. ............. Very slightly soluble. ;
Hydrolysis product .............. Hydrolyzes with difficulty, j s
Physiological action .............. Lacrimates, irritates nose and !

throat, produces nauses .
and lung irrication in or-.
der as concentration in-
creases.

. APPENDIX 185
g First Aid ...................LL L Wash eyes with boric acid;
. keep patient warm and
4 protect throat from infec-
d tion.
J B Odor detectable ac ............... 0.007 0z./1,000 cu. ft, air.
Intolerable concentration .. ....... 3 minutes’ exposure; o.02
' oz./1,000 cu. ft. air,
lLethal concentration ............. 10 minutes’ exposure; 0.05
._ oz./1,000 cu. ft. air.
Mecthod of neutralizing .........., Sodium sulfite solution.
» Munitions suitable foruse ......... Mixed with CN in artillery

shells; air bombs, chemi-
cal mortar shell; airplane
spray. Mixed with CG in

LP shells.
i B Marking on munitions ........... 2 green bands—PS gas,
g Protection required .............. Gas mask,
__ DIPHOSGENE
i
Common name .................. Diphosgene.
g Chemical name .................. Trichlormethylchlorfor-
i mate (Cl,C COOC).
§ C.W.S.symbol ................. DP.
; Persistency, summer ............. jo minutes,
i Persistency, winter .............. 2 hours,
; Tactical classification ............ Casnalty agent.
+ Physiological classification ........Choking gas.
Odor ........c.coiviviinin... Smells like phosgene, bur
& more irritating and chok-
3 ing.
f. Melting point ................... —57° C. (— 70.6° F.).
@ Boiling point .......... . ... .... 127° C. (260.6° F.).
E Volatility at 20° C. (68° F.) ...... 120 0Z./1,000 cu. ft. air.
i Vapor pressure at 20° C. .......... 10.3 mm. of mercury.
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Vapor density compared to air ....6.9.

Density of liquid at 20° C. (68° F.).1.65.

Actionon metals ................ Same as phosgene.

Stability on storage .............. Stable in dry steel contain-
ers. _

Action with water ............... Slowly hydrolyzes to form

phosgene, HC, and CO,.

Physiological action .............. Burns lower breathing ap- .
paratus causing edema, ir-

ritates eyes.

First Aid ......oooiiiieiinins Same as phosgene.
Minimum irritating concentration. ..005 0z./1,000 cu. ft. air.
Lethal concentration ............. Probably about the same as

phosgene. German datz,
however, gives toxicity on

10-min. exposure .05 0Z./- §

1,000 cu. fr. air.

Method of neutralizing ........... Same as phosgene.

Munitions suitable foruse ......... Arillery and mortar shell;
LP shell,

Protection required .............. Gas masks.

IRRITANTS (EYES AND NOSE)

ADAMSITE

COMMON NAME ...\ cvvveeneirnnns Adamsite”

Chemical name .................. Diphcnylaminechlorarsinc
(NH (C,H.,).AsCl).

C.W.S.symbol ................. DM.

Persistency, SUMMEr ...........-. § minutes in open from can-
dles. .

Persistency, winter .............. 5 minutes in open from can- .
dles. :

Tactical classification ............ Harassing agent.

APPENDIX 287
. Physiological classification ........ Sternutator; irritant smoke.
> Odorinait ......... ...l No pronounced odor.

Melting point ................... 195° C. (383° F.).

Boiling point .................... 410° C. (770° F.). Decom-
poses below boiling point.

Volatility at z0° C. (68° F.) ...... Negligible,

Vapor density compared to air ....No vapor; disseminated as
solid.

Density of solid 20° C. {(68° F.) .... 1.65.

Solventsfor ..................... Furfural, acetone.

Acdon onmetals ................ Very slight.

; Stability on storage .............. Stable in steel conrainers.

. Action with water ............... Insoluble; hydrolyses slowly.

% Hydrolysis product .............. HCI and DM oxide

' [NH(C.H,).As].0. DM
oxide is very toxic if swal-
lowed.

Physiological action .............. Headache, nausea, violent
sneezing, followed by
temporary physical debil-
ity.

d | First Aid ..............ciiit Br:g::he low concentratons
i of chlorine from bleach-
B ing powder bottle.

Odor detectable ac ............... Almost no odor to average
man.

- Intolerable concentration ......... 3 minutes’ exposure 0.00§

oz./ 1,000 cu. ft. air.
Lethal concentration ............. * 30 minutes’ exposure; 0.65
0z./1,000 cu. fr. air,

. Mcthod of neutralizing ........... Gaseous chloring;  bleach
liquor.
. Munitions suitable foruse ......... Candle, burning type shell

or air bomb.
* Not obtainable in the open air.
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